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Sodium thiosulfate has been used for the preservation of weighted 
silks (5, 7) and sodium hydrogen sulfite for the bleaching of silk, the 
removal of dyes or manganese dioxide from silk, the weighting of silk 
(2, 10), the preservation of weighted silk (12, 13, 14, 15, and 16) , and the 
printing of dyes on silk (3, 9). Procedures for such treatments, however, 
occur in the literature without further description of the effect these 
compounds have on silks. 
Quantitative data for the effect of sodium thiosulfate and sodium 
hydrogen sulfite on some silks are reported in this study. Wild-silk 
fibroin, silk fibroin, and iron-weighted, lead-weighted, tin-weighted, tin-
lead-weighted, and zinc-weighted silks have been analyzed as to weight, 
ash, nitrogen, and wet strength after 10 hours at 40°C. in 50 volumes of 
N sodium thiosulfate; the unweighted silks have been examined after 
10-hour immersion in 50-volume baths of 1.9232 N sodium hydrogen sul-
fite followed by 1 hour's steaming at 123.9°C. These two silks have also 
been tested for wet strength after 1 hour at 100°C. in 50-volume baths 
of 0.0500 to 2.0000 N sodium hydrogen sulfite. 
EXPERIMENTAL PROCEDURE 
The plain-woven silks, described in Table 1 and elsewhere (8), were 
cut for analysis and the samples were separately treated for 10 hours with 
50 volumes of water or N sodium thiosulfate in stoppered 500-milliliter 
Erlenmeyer flasks in a water bath at 40 ± 0.1 °C. and washed with water 
until the rinse no longer decolorized permanganate. 
The two unweighted silks were immersed separately for 10 hours 
in 50-volume baths of water or 1.9232 N sodium hydrogen sulfite at 
40 + 0.1 °C., drained, steamed for 1 hour at 123.9°C., and rinsed with 
water as described before. Four 4-gram samples of a fabric or five 1-inch 
strips of it were steamed at a time in an autoclave equipped with pressure 
gauge and thermometer; the samples were hung by silk thread from glass 
rods laid across the top of a 4-liter Pyrex beaker having a low outlet for 
steam and were protected by an inverted watch glass from any liquid 
which had flowed across metal. . 
Ten 1-inch strips of an unweighted silk were refluxed on a boiling 
water bath in 50 volumes of water or sodium hydrogen sulfite for 1 hour 
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WEIGHT THICKNESS 
OF FABRIC OF FABRIC 
SILK 
Ounces per 0.001 Inch Square Yard 
A. Iron-weighted ..... ... . 3.00 (0.01) * 6.6 (0.1) 
B. Lead-weighted ...... .. 3.17 (0.02) 6.5 (0.2) 
c. Tin-weighted .. .... . . 2.86 (0.01) 6.3 (0.3) 
D. Tin-lead-weighted ... . . 3.15 (0.02) 6.5 (0.2) 
E. Zinc-weighted ........ 2.86 (0.01) 6.2 (0.2) 
F. Fibroin . . ........ . ... 2.20 (0.03) 6.7 (0.2) 
G. Wild fibroin .. ... ..... 1.25 (0.01) 4.2 (0.3) 
*Mean deviations are within parentheses. 
TABLE 1 
ANALYSIS OP SILK FABRICS 
BREAKING STRENGTH OF FABRIC 
Conditioned Wet 
Warp Filling Warp Filling 
Pounds Pounds Percentage Percentage 
of Condi- of Condi-per Inch per Inch tioned tioned 
34 (1) 12 (O) 97 75 
30 (O) 12 (1) 57 58 
38 (1) 13 (1) 53 46 
42 (O) 13 (1) 57 46 
40 (O) 14 (0) 58 50 
38 (1) 32 (0) 92 81 
21 (0) 23 (1) 81 43 
ELONGATION OP FABRIC AT 
BREAKING LOAD 
Conditioned Wet 
Warp Filling Warp Filling 
Percent- Percent- Percent- Percent-
age age age age 
10 7 25 34 
7 7 16 23 
10 9 35 23 
10 7 35 28 
10 8 35 31 
34 37 56 55 
30 30 38 37 
A. 
B. 
c. 
D. 
E . 
F. 
G. 
TABLE !-(Continued) 
DISTRIBUTION OF YARNS IN FABRIC 
YARN NUMBER TwisTt 
By Number By Weight 
SILK ! 
Warp Filling Warp Filling Warp Filling Filling 
Number Number Percentage Percentage Number 
Per Inch Per Inch of Fabric of Fabric Typp Ty pp Per Inch 
Iron-weighted . ..... ..... .. 160 (O) * 74 (O) 69.0 (0.2) 31.1 (0.2) 48.7 (0.3) 46.9 (0.3) 62 (2) 
Lead-weighted ............ 127 (1) 74 (O) 60.6 (0.2) 37.8 (0.1 ) 37.4 (0.4) 44.8 (0.2) 31 (2) 
Tin-weighted ........ ...... 155 (1) 72 (1) 65.1 (0.6) 34.9 (0.6) 44.8 (0.6) 44.8 (0.0) 75 (5) 
Tin-lead-weighted . . ... .. . . 180 (1) 79 (1) 71.4 (0.1) . 28.5 (0.2) 45.4 (0.3) 48.5 (0.5) 84 (4) 
Zinc-weighted ..... . . . . . . . . 170 (0) 70 (1) 73.0 (0.9) 26.0 (1.1) 51.9 (0.4) 48.5 (O.O) 62 (3) 
Fibroin ...... .... ... .. .... 246 (2) 109 (1) 59.0 (0.5) 40.3 (0.3) 127.8 (1.8) 88.2 (0.1) 60 (2) 
Wild fibroin . . ........ .... 76 (1) 77 (1) 45.3 (0 .7) 53.7 (0.7) 71.7 (0.6) 78.0 (0.5) 1 
*Mean deviations are within parentheses. 
tTwo S-twisted crepe yarns alternate with two Z-twisted crepe yarns the length of the fabric ; the multifilament yarns of the warp and of 
the wild fibroin are not measurably twisted. 
TABLE 1 
ANALYSIS OF SILK FABRICS (continued) 
ASH 
WEIGHTING WATER EXTRACT 
SILK Fabric Warp Filling 
Percentage Percentage Percentage Percentage Percentage 
of Fabric of Yarn of Yarn of Fabric of Fabric 
A. Iron-weighted . ... . .. ... ............ 43.70 (0.00) * 42.51 (0.07) 40.23 (0.22) 70.6 (0.7) 10.9 (0.3) 
B. Lead-weighted . ............... . ... . 44.16 (0.03) 44.49 (0.28) 44.55 (0.10) 55.3 (0.3) 8.8 (0.5) 
c. Tin-weighted .. . ........ . . ... ... .. . 52.87 (0.02) 54.22 (0.07) 52.93 (0.04) 61.3 (0.1) 7.2 (0.4) 
D. Tin-lead-weighted ... . .... . .. .. .... . 50.27 (0.06) 52.63 (0.12) 48.72 (0.00) 60.8 (0.6) 4.4 (0.6) 
E. Zinc-weighted . . .. .......... .. ...... 51.93 (0.08) 53.68 (0.07) 49.93 (0.07) 63.5 (0.4) 4.6 (1.5) 
F. Fibroin .. .. ... .......... .. . . . . .. . . 0 .30 (0.03) . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . ..... . .. . ..... . .... .. .. . . 
G. Wild fibroin .... ..... .. ...... . .. ... 0.60 (0.01) . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . .. 
*Mean deviations are within parentheses. 
TABLE 1-(Continued) 
ALUMINUM IRON LEAD NITROGEN PHOSPHORUS SILIGA TIN ZINC 
SILK 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage 
of Fabric of Fabric of Fabric of Fabric of Fabric of Fabric of Fabric of Fabric 
A. Iron-weighted . ..... . .. .. . . . . . . . . . . . 15.11 (0.02)* . . . . . . . . . . . . 8.16 (0.03) 0.56 (0.00) 12.52 (0.02) . . . . . . . . . . . . ........... 
B. Lead-weighted .... . . . .... trace ........ . ... 12.21 (0.04) 9.17 (0.05) 0.91 (0.01) 20.30 (0.06) . . . . . . . . . . . . ... .. ...... 
c. Tin-weighted ...... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.26 (0.04) 0.45 (0.01) 20.49 (0.07) 8.80 (0.05) . ...... . .. .. 
D. Tin-lead-weighted ... .. ... trace ... ......... 9.10 (0.03) 8.46 (0.04) 1.06 (0.00) 14.91 (0.08) 8.66 (0.06) . . . . . . . . . . . . 
E. Zinc-weighted ...... . .... 0.85 (0.02) .. . ......... . . . . . . . . . . . . 8.10 (0.07) 0.57 (0.00) 15.07 (0.06) . . . . . . . . . . . 11.12 (0.02) 
F. Fibroin ................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.59 (0.02) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . .. 
G. Wild fibroin ............. . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . 18.25 (0.00) . ........... . . . . . . . . . . . . . . . . . . . . . . . . ........... 
*Mean deviations are within parentheses. 
A. 
B. 
c. 
D. 
E. 
F. 
G. 
-
TABLE 2 
EFFECT oF F1FTY VoLuMEs oF SomuM TmosuLFATE IN TEN HouRs AT 40°C. oN THE WEIGHT, AsH, N1TR.OGEN, AND WET STR.ENGTH 
OF THE SILK FABRICS 
SODIUM BREAKING 
THIOSULFATE WEIGHT ASH NITROGEN STRENGTH OF 
SILK WET WARP 
Percentage Percentage Percentage Pounds 
Normality of Fabric of Fabric of Fabric Per Inch 
Iron-weighted ....... . ... . ... . : .. .. . .. .... 0 96.5 (0.1) * 40.23 (0.07) 8.08 (0.03) 32 (2) 
1 108.7 (0.0) 50.58 (0.17) 8.05 (0.02) 31 (1) 
Lead-weighted . .. ... ....... . .. . .. .. ...... 0 93.0 (0.1) 44.07 (0.07) 9.08 (0.03) 20 (1) 
1 101.6 (0.1) 44.17 (0.08) 9.04 (0.01 ) 19 (O) 
Tin-weighted ... . .. ...................... 0 93.1 (0.3) 51.35 (0.31) 8.64 (0.05) 24 (0) 
1 99.2 (0.1) 48.60 (0.07) 8.59 (0.05) 20 (O) 
Tin-lead-weighted ....... . ........... . .... 0 96.0 (0.1) 49.04 (0.08) 8.50 (0.04) 21 (1) 
1 102.2 (0.1) 53.45 (0.10) 8.33 (0.01 ) 18 (2) 
Zinc-weighted .. ..... . .... . ...... .. . . . . . . . 0 96.0 (0.1) 50.06 (0.31) 7.79 (0.02) 21 (1) 
. . . . . . . . . . . . . . . 94.3 (0.1) 43.28 (0.06) 8.11 (0.07) 18 (1) 
Fibroin . ... . ....... . ... . .. . ... .. . ...... . 0 99.8 (O.O) 0.30 (0.01) 18.56 (0.04) 34 (1) 
1 99.8 (0.0) 0.32 (0.01) ................ 34 (1) 
Wild fibroin .. . .. .. .... . . .. .. .. ... . .... .. 0 99.7 (0.0) 0.60 (0.01) 18.25 (0.03) 15 (1) 
1 99.6 (0.1) 0.66 (0.05) .... .. . ..... .. .. 17 (1) 
*l'viean deviations are within parentheses. 
F. 
TABLE 3 
THE WEIGHT, AsH, NITROGEN, AND WET STRENGTH OF SILK FIBROIN AND WILD SILK FIBROIN AFTER TEN HOURS' IMMERSION AT 40°C . IN 
FIFTY VOLUMES OF SODIUM HYDROGEN SULFITE FOLLOWED BY ONE HouR's STEAMING AT 123.9°C. 
SODIUM 
HYDROGEN STEAMING WEIGHT 
BREAKING 
AsH NITROGEN STRENGTH OF 
SILK SULFITE WET WARP 
Percentage Percentage Percentage Pounds 
Normality Hour of Fabric of Fabric of Fabric Per Inch 
Fibroin ... . ....... . .. .. . ........ . ... 0 0 99.8 (O.O) * 0.30 (0.01) 18.56 (0.04) 34 (1) 
1.9232 0 99.8 (t.O) 0.28 (0.03) . .... . . .. . . .... . . 33 (1) 
0 1 98.3 (0.4) 0.13 (0.01) 18.48 (0.05) 25 (2) 
1.9232 1 97.8 (0.2) 0.29 (0.03) 18.45 (0.01) 22 (2) 
G. Wild fibroin ..... . ..... . ............. 0 0 99.7 (O.O) 0.60 (0.01) 18.25 (0.03) 15 (1) 
1.9232 0 99.7 (0.1) 0.65 (0.03) . ................ 16 (1) 
0 1 98.8 (0.2) 0.20 (0.00) 18.22 (0.02) 14 (1) 
1.9232 1 97 .5 (0.1) 0.76 (0.05) 18.15 (0.05) 14 (1) 
*Mean deviations are within parentheses. 
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TABLE 4 
EFFECT OF FIFTY VOLUMES OF S ODIUM HYDROGEN SULFITE IN ONE H OUR AT 100°C. ON THE 
W ET STR ENGTH OF SILK fIBROIN AND WILD SILK F IBR OIN 
B REAKING STR ENGTH OF WET WARP 
SODIUM H YDROGEN SULFITE 
Fibroin Wild Fibroin 
Normality Pounds per Inch Pounds per Inch 
0.0000. ....... . .. . ... ............... . . . . . 20 (1)* 19 (O) 
0.0500.... . ... . . ... ....... . .......... . . .. . . . . . . . . . . . . . . . . . . . 18 (1) 
0.1000 . . .. . ... . . . ........... . ... . .. . . .. .. 20 (2) 19 (1) 
0.2500 ... .. . . . . . .... .... . . . . . ... . .. . . . . .. 21 (1) 18 (1) 
0.5000...... . ... . ... . . . .. . ... . ...... . .... ........ . .......... 19 (0) 
1.0000. ... . . . . ... . . . . .. . . ... . . ... . .. . . ... 21 (2) 18 (1) 
2.0000.. ...... .. .............. . .... .. .... 19 (O) 18 (1) 
*Mean deviations are within parentheses. 
and washed with water until the rinse did not decolorize permanganate. 
Wet warp strength was determined at once by the inch-strip method 
(1) , total nitrogen after drying the residual silks at room temperature, 
and ash after drying the silks to constant weight at 105° to 110°C. The 
total nitrogen of the unweighted silks was determined by the Kjeldahl-
Gunning-Arnold method (6) and the total nitrogen of the weighted silks 
by the Kjeldahl method (11). The fabrics were ashed until constant in 
an electric furnace at dull red heat. The solutions of sodium thiosulfate 
were standardized by titration against a standard solution of iodine (4), 
the solutions of sodium hydrogen sulfite by titration against standard 
potassium permanganate. 
Each value for weight, ash, or nitrogen in Tables 2 and 3 is the mean 
of four parallel determinations based on the weight of the original fabric 
dried at 105° to 110°C.; values for wet strength in Tables 2, 3, and 4 are 
the means of at least ten determinations. 
SUMMARY 
1. Quantitative comparison has been made of the effect of 50-volume 
baths of water and of N sodium thiosulfate in 10 hours at 40°C. on the 
residual weight, ash, nitrogen, and wet strength of plain-woven wild-silk 
fibroin, silk fibroin, and iron-weighted, lead-weighted, tin-weighted, tin-
lead-weighted, and zinc-weighted silks. Similar data have been presented 
for the effect of 50-volume baths of 1.9232 N sodium hydrogen sulfite in 
10 hours at 40°C. and for this treatment followed by 1 hour's steaming at 
123.9°C. But slight changes occurred in the total nitrogen or wet strength 
of the silks during these treatments. The effect of sodium thiosulfate on 
the weight and ash of the weighted silks appears anomalous. 
2. Sodium hydrogen sulfite, in 50-volume baths, 0.0500 to 2.0000 N, 
has been shown to have no effect in 1 hour at 100°C. on the wet strength 
of either silk fibroin or wild-silk fibroin. 
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THE y_2 CORRECTION FOR CONTINUITY1 
w. G. COCHRAN 
From the Statistical Section, Iowa Agricultural Experiment Station 
Received September 29, 1941 
INTRODUCTION 
The correction for continuity, devised by Yates (1, 2), has proved a 
useful device for extending the use of the y_2 test of significance to data in 
which the expectations are small. For the two cases which he investigated 
in detail-the binomial distribution and the 2 X 2 contingency table-
Yates gave simple rules for applying the correction, and a table of the 
exact significance levels of the corrected y_2• He also suggested that for 
contingency tables larger than the 2 X 2 table, there appeared to be less 
need for a correction for continuity. 
From correspondence with several research workers, it appears that 
there is some uncertainty about the need for a correction for continuity 
and about the method of making the correction, in cases not explicitly 
discussed by Yates. The object of this paper is to illustrate the principles 
involved in correcting for continuity on twb of the more common appli-
cations of y_2 , in the hope of providing a basis for judgment in any parti-
cular problem. Some investigation has also been made of the allied prob-
lem of the effect of a low expectation at one tail on the y_2 test for goodness 
of fit. 
THE CORRECTION FOR CONTINUITY 
While the theoretical basis for the correction has been described by 
Yates (1) and Fisher (2) , a brief outline will be given here for complete-
ness. In all applications of the y_2 test to be considered, the exact distribu-
tion of y_2 is discontinuous, only a finite number of discrete values of y_2 
being possible. For example, in Figure 1 the exact distribution of y_2 has 
been worked out for a problem (to be discussed later) in which y_2 has 10 
degrees of freedom. The heights of the vertical lines give the probabilities 
of all possible values of y_2, which in this case are equally spaced at intervals 
of 4/ 3. The sum of these heights is, of course, unity. To calculate the exact 
probability of a value of y_2 as great as or greater than 20, for instance, we 
add the heights of all lines for which y_2 is 20 or greater. 
The tabulated distribution of y_2, on the other hand, is a continuous 
frequency curve, y_2 taking all values from zero to infinity. The probability 
that y_2 exceeds a value y_20, as given in the tables, is the area of the tail of 
this frequency curve from y_20 to infinity. In using the continuous curve as 
an approximation to the exact probabilities, each vertical line must be 
made to correspond to some area under the curve. The most natural 
1 Journal Paper No. J-936 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 514. 
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approach is to regard the exact discontinuous distribution as a grouping 
of the tabular distribution, each possible value of the exact r..2 representing 
all values of the continuous r..2 which are nearer to it than to any other 
permissible value of r..2• Thus, the exact value r..2 = 20 corresponds to all 
values of the continuous r..2 between 19Ys and 20% , since the next lowest 
value of the exact r..2 is 18%, while the next highest is 211/a. Consequently, 
the exact probability of a value of r..2 equal to 20 is approximated by the 
area under the tabulated distribution from x2 = 19Ys to x2 = 20% . 
It follows that the probability of a value of r..2 as great as or greater 
than 20 is estimated by the area under the curve from "f..2 = 19Ys to infinity, 
not from r..2 = 20 to infinity. In this example the exact probability is .0354, 
while the tabular probabilities are .0362 for x2 = 191/3 and .0292 for x2 = 20, 
!'ihowing a marked improvement by correcting for continuity. Similarly, 
the probability that x2 is less than or equal to 20 is estimated by the area 
under the curve from zero to 20%, i.e., by taking one minus the tabular 
probability for x2 = 20%. To estimate the probability that "f..2 lies between 
12 and 20 inclusive, we would calculate the area of the curve between 
llYs and 20% . 
For most tests of significance the probability wanted is that of a value 
of r..2 as great as or greater than the observed "f..2 • For this purpose, the 
general rule in applying corrections for continuity may be stated as fol-
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lows: Calculate X2 by the usual formula. Find the next lowest possible ( 
value of x2 to the one to be tested, and use the tabular probability for a 
value of x2 midway between the two. 
If the possible values of x2 are closely spaced together, the probabilities 
given by the uncorrected x2 and the corrected x2 may differ only by an \ 
amount that is regarded as negligible. In this case the correction may be 
ignored. 
The rule given by Yates for correcting for continuity is to decrease 
the absolute difference between the observed and the expected values by 
one-half. It is important to trace the relation between this rule and the 
general rule given above. For the two cases discussed by Yates (1)-the 
binomial and the 2 X 2 contingency table-x2 has only a single degree of 
freedom, the difference between the observed value x and the expected 
value m being the same for alt cells. Thus, x2 is of the form (x - m) 2 
1 
(~ -) , the summation being over all cells, while x may be written 
m 
(x - m) J ~ ~ . Yates actually dealt with the frequency distribution 
of x, for which the tabular value follows the normal law. The advantage in 
so doing is that a distinction may be drawn between positive and negative 
values of (x - m), this procedure being convenient when it is desired to 
test the devi~tion in one direction only, or when the exact distribution of 
xis skew. Thus, Yates was concerned with the problem of estimating the 
probability at one tail of the distribution of X· Since x takes only a succes-
sion of integral values, successive values of (x - m) must differ by unity. 
Hence, to correct x for continuity by the general rule, the difference 
between the observed and expected values should be reduced in absolute 
magnitude by one-half, as Yates proposed. The point to be stressed here, 
however, is that this rule should be used only when it agrees with the gen-
eral rule given previously. 
TESTS FOR LINKAGE 
A convenient example for further illustration of the principles is 
provided by the use of x2 in testing for linkage between two factors in 
genetical studies. If doubly heterozygous individuals AaBb are inbreQ., 
where A and B are dominant, the expectations of the four phenotypes AB, 
Ab, aB and ab in the F 2 generation are as 9: 3: 3: 1, respectively. The 
results of such an experiment may therefore be put in the form: 
TYPE AB Ab aB ab TOTAL 
" Number observed .. . ...... . . a b - c ., d n 
' 
Number expected . .. .. .. . ... 
9n 3n 3n n 
f6 f6 f6 f6 n 
424 W. G. COCHRAN 
It is easily seen that x2, with 3 degrees of freedom, may be written as 
x2=}!_/ a2 +~+~+~)- n 
n\9 3 3 1 
As Fisher (2, § 51) has shown, this quantity may be divided into 
three single-degrees of freedom, as follows. 
X21 = (a+ b- 3c- 3d) 2/3n 
X22 == (a+c-3b- 3d) 2/ 3n 
X2a = (a+9d-3b- 3c) 2/ 9n 
The quantities X21 and X22 test whether the observations are segregating in 
a 3: 1 ratio for the A and B factors, respectively. These are simply tests of 
a single binomial ratio, and are completely covered by Yates's discussion 
(1). To correct Xi and x2 for continuity in the above form, the quantity 
inside the bracket should be reduced by two in absolute magnitude,2 since, 
for fixed n , (a+b-3c- 3d) and (a+ c-3b- 3d) change by intervals of 
four. 
The quantity X2s serves as a test for linkage between the two char-
acters. For fixed n, the smallest change in (a+9d-3b-3c) is also ± 4, 
produced by decreasing a and increasing b or c by unity. Hence, to correct 
XH for continuity, (a+9d-3b-3c) should also be reduced by two in 
absolute magnitude. The effect of the correction is smaller with x23 than 
with x21 or x22 , owing to the larger divisor, 9n. Since the difference between 
the uncorrected and the corrected value of Xa is 2/ 3yn, it is easy to calcu-
late a value of n above which correction is unnecessary. If the uncorrected 
value is to underestimate the probability by not more than 0.5 per cent at 
the 5 per cent level, n should be at least 300. It should be noted that Xs 
cannot be interpreted as the test of a single binomial ratio, so that Yates's 
table of the exact significance levels of the corrected x does not apply to 
this case. 
Since the individual degrees of freedom provide tests of different 
aspects of the data, there is probably little interest in testing the combined 
x2 (with three degrees of freedom) ' except perhaps as a preliminary indi-
cation. To correct the combined x2, the general rule must be applied, by 
finding the next lowest possible value of x2• No simple arithmetical rule 
appears to be available for doing this. The minimum possible change in 
the quantity (a2+ 3b2+ 3c2+ 9d2 ) is ± 2, so that the corresponding changP 
in the combined x2 is ± 32/ 9n. There may, however , be gaps in the suc-
cession of values of x2, and each case requires special inspection. An 
example will illustrate the r elation between the corrections of the individ-
ual degrees of freedom and of the combined x2• The data are taken from 
an experiment by Imai (3) , quoted by Mather (4) , the values being a=47, 
b= 8, c=ll, d= 9. 
The quantities x21, x22 and X2H are cor rected by the rule alr eady given. 
• B. L . Wade, Unpublished typescript. 
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TABLE 1 
CORRECTION FOR CONTINUITY IN A LINKAGE TEST 
VALUE OF x 2 PROBABILITY PERCENTAGE ERROR 
IN UNCORRECTED 
Uncorrected Corrected Uncorrected Corrected PROBABILITY 
xi -··· · · .. 0.111 0.040 .739 .841 -13 
X~ · ..... .. 0.218 0.111 .640 .739 -13 
Xi········ 7.468 7.053 .0063 .0079 -21 
-----
Combined x 2 . •. . 7.797 7.750 .0505 .0515 - 2 
By trial, the next lowest value of the combined x2 appears to be 7.702, 
given by the configuration a=45, b=7, c=14, d=9. Hence, the corrected · 
value of the combined x2 is 1/2 (7.797+7.702) =7.750. It should be noted 
that the corrected values of x2 are not additive, the total of the corrected 
single degrees of freedom being 7.204, while the combined value, after 
correction, is 7.750. Further, the effect of correction is much smaller on 
the combined x2 than on the single degrees of freedom. The difference 
between the probabilities given by the uncorrected and corrected values 
of the combined x2 is negligible. 
THE ADDITION OF SINGLE DEGREES OF FREEDOM 
A further example, also common in genetical work, arises when 
observations on the number of individuals of each of two types, A and a, 
are available for several different families. For each family we may test 
whether the individuals are segregating in a given ratio, say 3 : 1, by 
calculating the appropriate x2, as described in the previous section. If all 
families are presumed to be segregating in the same ratio, it is customary 
to add the individual values of x2 to form a "total" x2• This is divided into 
two parts: x21 (with 1 degree of freedom) which tests whether the totals 
of the A's and a's over all families are segregating in the proposed ratio, 
and x21,, found by subtracting x2 1 from the "total" x2• Of these, X21 provides 
a sensitive test for any consistent departure of the families as a whole from 
the proposed ratio, while x2h (sometimes called the "heterogeneity" x2) 
tests whether the families agree mutually in their segregation ratio. The 
use of these tests is, of course, not confined to genetical investigations. 
When testing any individual family, the x2 should of course be cor-
rected for continuity. The question arises: Should corrected or uncor-
rected values of x2 be added when forming the "total" x2 ? It is clear from 
the discussion in the previous section that the uncorrected values must be 
used when computing the "total" x2, which should then be corrected, if 
necessary, by the general rule given. As a demonstration, we have 
worked out for an extreme case the exact distribution of the "total" x2 as 
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computed in each of the two proposed ways. The data consist of ten 
families, each containing only four observations, segregating 3 to 1. Thus, 
the "total" x2 has ten degrees of freedom. 
Since there are only four observations per family, a and A can take 
only the values 0, 1, 2, 3, and 4, with probabilities which are given by the 
binomial ( : + ~ y All possible results for a single family are shown 
in Table 2 below, with the corresponding probabilities and values of r.2 
with and without correction for continuity. 
TABLE 2 
POSSIBLE VALUES OF x2 FOR FOUR OBSERVATIONS, SEGREGATING 1 :3 
VALUE OF x2 
a A PROBABILITY 
Uncorrecte d Corrected 
0 . . ... .. .. . . .. .... 4 81 4/ 3 1/ 3 
1. ......... . .... .. 3 108 0 0 
2 ... .... . ... .. .. . . 2 54 4/ 3 1/ 3 
3 .. . . . . .. . .... .. .. 1 12 16/ 3 3 
4 . ... .. .. . . . . . . . . . 0 1 12 25/ 3 
+256 
For a=O, A=4, for instance, the value of r.2 is, of course, (0-1) 2 /1+ 
( 4-3) 2 /3= 4/3, while the corresponding value, corrected by Yates's rule, 
is (1/2) 2 /1 + (1/2) 2 /3=1/3. 
The probabilities were computed for all possible combinations of these 
results from ten families, and also the corresponding values of r.2 (with ten 
degrees of freedom) found by adding the corrected or uncorrected individ-
ual x2's. 
In Table 3, the exact significance levels of the total of the "corrected" 
TABLE 3 
COMPARISON OF EXACT AND TABULAR x2 DISTRIBUTIONS, FOR THE TOTAL OF THE 
"CORRECTED" SINGLE DEGREES OF FREEDOM 
x2 
1 . ......... . .... .. . .. .. .... . . 
2 . . .... ...... .. . . ....... . . .. . 
3 ... . . .. .. ...... .. . . ... .. ... . 
4 ....• ..... .... . ... ... . . . .... 
5 . . . . . . . .. .. ............... . . 
6 ..... . ..... .. . .. ... .. . . .. . . . 
7 ....... . ..... ..... .... . ... . . 
8 ... . .. . .. ... . . .. .... . ... . .. . 
9 .... .. .. . . ...... . . . .... . ... . 
10 ......... . .... . .. . . ... ..... . 
11 . . .. . .. . .. .. . ... .. . ... .. ... . 
Exact P?;. x2 
.9850 
.7143 
.4211 
.3926 
.2227 
.1114 
.1075 
.0627 
.0475 
.0375 
.0167 
Tabular P?;. x2 
.9998 
.9963 
.9814 
.9473 
.8912 
.8153 
.7254 
.6288 
.5321 
.4405 
.3575 
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x2's are compared with these given by the tables. The possible values of 
the total of the corrected x2 's are spaced at intervals of one-third. To save 
space only every third value is shown below. 
The tabular X2 overestimates the probabilities so violently that there 
can scarcely be said to be any relation between the two distributions. For 
instance, ten is the mean value of the tabular x2, yet a value of ten or more 
is reached only about once in thirty times by the total of the "corrected" 
x2's. The use of the x2 table would lead very frequently to the apparent 
conclusion that the data were too homogeneous. If the tabular x2 were 
corrected for continuity, the agreement would be still worse. 
The exact distribution of the total of the uncorrected values of x2 is 
compared with the corresponding tabular x2 inFigure1 above.3 The agree-
ment appears remarkably good, at least in the upper tail which is relevant 
to tests of significance. A more exact comparison in the region between .10 
and .01 is shown in Table 4. 
TABLE 4 
COMPARISON OF EXACT AND TABULAR x2 DISTRIBUTIONS, FOR THE TOTAL OF THE 
"UNCORRECTED" SINGLE DEGREES OF FREEDOM 
. x2 Exact Tabular Tabular, P?;:, x2 P?;:, x2 Corrected for Cont.inuity 
16.00 .. . ....... . ...... .1076 .0996 .1204 
17.33 ...... ... .... ... . .0773 .0673 .0821 
18.67 ... . . .. .......... .0534 .0447 .0550 
20.00 ................. .0354 .0292 .0362 
21.33 ............ . .... .0236 .0189 .0235 
22.67 . .. ... . ....... ... .0158 .0120 .0151 
24.00 ...... .... . ...... .0102 .0076 .0096 
Since, owing to the small number of observations, the successive 
values of x2 are rather far apart, the tabular x2 requires correction for 
continuity, as shown in the right-hand column. The agreement with the 
exact probabilities in the critical region is excellent. 
A similar comparison for the "heterogeneity" x2 would show approxi-
mately the same results. Thus, the correct procedure is to form the "total" 
"f.2 by adding the uncorrected single degrees of freedom. To form x2,., sub-
tract X2t, calculated without correction. In testing X2t, however, a correc-
tion should be made, since we are testing a single binomial ratio. Theoreti-
cally, x21, may also require correction after it has been computed as 
described above. While there appears to be no simple arithmetical rule 
for making this correction, its effect should be negligible unless the num-
ber of families and the expectations of the two types a and A are both small. 
It may seem paradoxical that the uncorrected x2, which underesti-
mates the true probabilities with a single degree of freedom, should give 
good agreement when several different values are added together, while 
the corrected x2 behaves in the opposite manner. The reason may be 
• Since the interval between successive values of x• is 4/ 3, the ordinates of the 
tabular curve have been multiplied by 4/ 3. 
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exhibited more clearly by examining the two quantities further. For a 
single degree of freedom, the exact mean of the uncorrected x2 is 1, while 
l-6pq 
the variance is 2 (1 + ) where n is the number of observations and 
2npq 
p : q is the segregation ratio. For the total x2 from r dillerent families, the 
corresponding values are, therefore, 
1-6pq 
Mean = r. Variance = 2r (1 + ) 
2n'pq 
where -; = - ~ - is the average value of - for the different fam-1 l(rl) 1 
n r i=l n.i n 
ilies. The corresponding mean and variance for the tabular x2 are rand 2r, 
respectively. Hence, the exact and tabular x2 have always the same mean 
value, and agree closely in their variances provided that (npq) is reason-
ably large. As r increases, both distributions tend to normality, being 
determined more and more exactly by the values of their mean and vari-
ance. Moreover, as r increases, the number of possible values of the exact 
x2 increases rapidly, particularly so if n varies from family to family, so 
that the effect of a continuity correction diminishes. Hence, the agreement 
between the exact and tabular x2 tends to improve as r increases. 
For a single degree of freedom, the correction for continuity reduces 
the value of x2 in order that the tabular probability may give a better 
approximation to the true probability at the upper tail. The effect is, how-
ever, to reduce both the mean and variance of the corrected x2 below these 
of the uncorrected x2, considerably so if n is small. If the mean of the 
corrected x2, for a single degree of freedom, is 'A, where 'A is less than unity, 
the mean of the total of r values is 'Ar. Thus, the negative bias in the mean 
as compared with the tabular x2, is r (1-'A), which increases steadily as r 
increases. Hence, the agreement with the tabular x2 gets steadily worse 
as the number of families increases. 
With a large number of families the distribution of the "heterogeneity"· 
x2, calculated without correction, also tends to normality with a mean 
value (r-1) and a variance which is approximately equal to 2 (r-1) 
l-6pq 1 1 1 
(1 + ) , where - = - ~ -. Since the discrepancy in the vari-
2n'pq n' r n 1 
ance does not tend to decrease as r increases, it would be somewhat more 
accurate, when the number of families is large, to regard x2 as normally 
distributed with the above mean and variance than to use the tabular x2• 
However, the latter is adequate for most cases arising in practice unless 
p or q is close to unity. If the tabular x2 and the normal approximation are 
to give probabilities which agree within 0.5 per cent at the 5 per cent level, 
it may be shown that the average number of observations per family need 
only exceed 10 if p is 1/4, but should exceed 140 if p is 1/ 16, and 740 if 
pis 1/64. 
X2 CORRECTION FOR CONTINUITY 429 
THE EFFECT OF A SMALL EXPECTATION ON "GOODNESS OF FIT" TESTS 
In using x2 to test goodness of fit, the expectations usually become 
small towards one or both ends of the frequency distribution. As a work-
ing rule, it is customary to combine several classes at the ends, if necessary, 
so that no expectation is less than a conventional minimum, for which 
Fisher (2) suggests the value 5 and Aitken (5) the value 10. The reasons 
for this rule are to decrease the discontinuity in the exact x2 distribution 
and to approximate more closely to the assumptions underlying the tabu-
lar x2 distribution, which postulates that the observed values are normally 
distributed about the expected values. Of these, the second reason is prob-
ably the more important, for if the expectations in the central classes are 
reasonably high, the total number of values of the exact x2 will be large 
even though the expectations at the tails are small. 
In cases where the observed and the fitted distribution disagree most 
markedly at the tails, this grouping of classes diminishes the sensitiveness 
of the x2 test, so that it is sometimes more appropriate to calculate x2 with-
out grouping the tails. Since the effects of a low expectation at one tail do 
not appear to have been examined, the exact distributions of x2 were 
worked out for three related examples, each having three classes and a 
total of 20 observations. The expectations in the individual classes were 
as follows: 
E XPECTATIONS 
m1 m 2 ma 
Example 1 11.4 7.6 1.0 
Examp le 2 11.7 7.8 0.5 
Example 3 11.94 7.96 0.1 
The smallest expectation varies from 1.0 to 0.1, the other two expectations 
being kept in the ratio 3/ 2 in all three examples. Since m1 and m2 vary 
_ little between the three examples, the differences between the resulting 
x2 distributions should be due mainly to the smallest expectation, which in 
all cases is well below the usually accepted minimum. The value of x2 is, 
3 
of course,~ 
i = l 
(x,-m,) 2 
-----, where x 1 is the observed value in the ith cell, and 
m , 
has two degrees of freedom. 
For each example, the exact significance levels and the corresponding 
probabilities given by the tabular x2 (without correction for continuity) 
are shown for all values of x2 giving probabilities between 0.1 and 0.01. 
· The examples bring out some interesting points. Except for the 
extreme case in which the smallest expectation is only 0.1, the successive 
values of x2 are sufficiently close together so that discontinuity would not 
of itself introduce gross errors in the probabilities. Further, the exact and 
tabular probabilities agree reasonably well down to a certain significance 
level, this being .0271 for ms = 1, .0285 for ms = 0.5, and .1926 for ms = 0.1. 
Thereafter, the tabular x2 begins rather abruptly to underestimate ser-
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TABLE 5 
COMPAR ISON OF EXACT AND TABULAR x2 IN A GOODNESS OF FIT TEST 
SMALLEST EXPECTATION (ma) 
1.0 0.5 0.1 
x2 Exact Tabular x2 Exact Tabular x2 Exact Tabular 
P ( ?; x2) P ( ?; x2) P ( !?; x2) P (?; x2) P ( !?; x2) P(?; x2) 
4.561 .1051 .1022 4.752 .1070 .0929 1.985 .3244 .3706 
4.640 .0798 .0983 4.923 .0939 .0853 3.451 .1926 .1781 
4.921 .0732 .0854 5.034 .0814 .0807 5.335 .1289 .0694 
5.272 .0603 .0716 5.308 .0760 .0704 7.638 .1045 .0243 
5.930 .0540 .0516 5.649 .0664 .0593 8.174 .0973 .0168 
6.105 .0492 .0472 5.855 .0577 .0535 8.216 .0810 .0164 
6.395 .0465 .0409 6.290 .0415 .0431 8.551 .0647 .0139 
6.456 .0433 .0396 6.744 .0357 .0343 8.677 .0513 .0131 
6.535 .03991 .0381 7.214 .0285 .0271 9.347 .0381 .0093 
6.877 .0302 .0321 7.701 .0270 .0213 9.556 .0293 .0084 
6.982 .0285 .0305 8.205 .0242 .0165 10.360 .0208 .0056 
7.377 .0271 .0250 8.385 .0192 .0151 10.561 .0192 .0051 
8.079 .0251 .0176 9.265 .0176 .0098 10.854 .0143 .0044 
8.430 .0237 .0148 9.539 .0168 .0085 12.194 .0101 .0023 
8.947 .0229 .0114 9.820 .0158 .0074 
8.982 .0200 .0112 10.393 .0155 .0055 
9.263 .0191 .0097 10.983 .0150 .0041 
9.483 .0185 .0087 11.804 .0139 .0027 
9.509 .0156 .0086 12.214 .0136 .0022 
9.552 .0156 .0084 12.829 .0134 .0016 
9.553 .0131 .0084 12.855 .0111 .0016 
9.903 .0128 .0071 13.128 .0111 .0014 
10.035 .0106 .0066 
iously. Since only a part of the underestimation in this region would be 
recovered by correction for continuity, the discontinuity is evidently not 
the principal cause of the discrepancy. For m3 = 0.1 the tabular "f.2 is use-
less as an approximation throughout the whole of the region between 
p = .1 and p = .01. For m3 = 0.5, the tabular probability agrees almost as 
well as for m3 = 1.0 down to p = .028, but thereafter the underestimation 
is more serious, so that at p = .01 the tabular "f.2 is worse for m3 = 0.5 than 
for m3 = 0.1. 
To investigate these results in more detail, it is necessary to isolate 
the contribution to x2 from the cell with the small expectation. Let n be 
the number of observations and Pi. P2, ... Pr the probabilities in the r 
classes. The observed number kin the rth class is distributed in the bi-
nomial series (qr+Pr) " where qr=l - p ,.. For a fixed k, the observed 
numbers in the remaining classes are distributed in the multinomial 
(~+~+ ... + Pr-1 ) ".-1' 
q,. q ,. qr 
Consequently, if the expected values in the first (r- 1) classes are suffi-
ciently large, the quantity 
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qr 
X2r-2 = ---(n-k) 
r-1 ( k2 ) ~ - '- -(n-k) 
•=1 P• 
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(1) 
is distributed as x2 with (r-2) degrees of freedom. The value of x2 for all 
classes may be written 
x2 = r k
2, 
~ ---n 
i=l (np,) 
Using (1) this becomes, after some algebraic manipulations 
(n-k) (k-npr) 2 
X2 = X2r-2 + ----
nq, nprqr 
(2) 
(3) 
The first term on the right-hand side of (3) represents the combined con-
tribution to x2 from the first (r-1) classes, while the second term is the 
contribution from the rth class, in which the expectation npr will be 
assumed small. 
For a given value of k, the probability that x2 exceeds any specified 
quantity depends on the value of x2r_2, and is easily found from the tabular 
x2 for (r-2) degrees of freedom. Since the probabilities of different values 
of k are known from the binomial (qr+p,.) ", the total probability that x2 
exceeds any specified quantity may be found by adding the probabilities 
for different values of k. The significance levels of x2, as defined by equa-
tion (3), clearly depend on three variables: the number of classes, r; the 
smallest expectation, npr; and the total number of observations, n. How-
ever, for fixed rand np., the significance levels vary little with n, provided 
that n exceeds 20. Since in any case n must exceed 20 to satisfy the condi-
t ion that the expectations np1, •••• nPr-l are reasonably large, the limiting 
value as n tends to infinity was substituted in (3), giving 
(k-mr) 2 
X2m = X2r-2 +----
m, 
(4) 
where k now follows a Poisson distribution with mean m r- The symbol 
X2m is used to denote the fact that the distribution depends on the expecta-
tion m r in the smallest class. 
To verify this theoretical approach, the significance levels of x2,,, given 
by equation ( 4) were compared with the exact significance levels of x2 for 
the most extreme example m 3= 0.l. 
Since the distribution of X2m is continuous, and since the exact values 
of x2 are somewhat widely spaced, the significance levels of X2m are shown 
both with and without correction for continuity. Before correction, the 
probabilities are slightly underestimated by X2m, but the underestimation 
is mainly due to the discontinuity in the exact x2• After correction, the 
x2,,. probabilities give a satisfactory approximation to the correct proba-
bilities, whereas it will be recalled that the tabular x2 probabilities were 
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TABLE 6 
COMPARISON OF THE EXACT x2 DISTRIBUTION AND THE x2m DISTRIBUTION 
Expectations: 11.94, 7.96, 0.1 
Ex ACT 
p ( ~ x2) GIVEN BY x2m 
x2 P(~ x2) 
Uncorrected Corrected 
7.638 .1045 .1006 .1056 
8.174 .0973 .0798 .0999 
8.216 .0810 .0756 .0773 
8.551 .0647 .0534 .0621 
8.677 .0513 .0482 .0509 
9.347 .0381 .0309 .0380 
9.556 .0293 .0272 .0289 
10.360 .0208 .0180 .0218 
10.561 .0192 .0163 .0171 
10.854 .0143 .0144 .0153 
12.194 .0101 .0093 .0111 
greatly in error. The X2m approximation is also sufficiently accurate for 
practical purposes in the other two examples. 
TABLE 7 
PROBABILITY LEVELS OF x2m AsSOCIATED WITH THE 5 AND 1 PER CENT LEVELS OF x• 
NUMBER OF DEGREES OF FREEDOM IN x2 
SMALLEST 
I I I I I I I EXPECTATION 2 3 4 5 6 10 15 25 m. 
5 Per Cent Level 
0.1 ........... .1089 .1142 .0909 .0800 .0741 .0646 .0605 .0576 
0.5 ....... .. . . .0486 .0522 .0542 .0555 .0564 .0552 0.539 .0528 
1.0 . ... ...... . .0480 .0537 .0553 .0540 .0534 .0527 .0522 .0516 
2.0 ........... .0474 .0527 .0517 .0516 .0518 .0515 .0512 .0509 
3.0 ........... .0471 .0507 .0510 .0512 .0512 .0510 .0507 .0507 
5.0 ..... .... .. .0476 .0499 .0504 .0506 .0507 .0506 .0505 .0504 
1 Per Cent Level 
0.1 . ...... .. .. .0334 .0259 .0229 .0213 .0203 .0180 .0169 .0159 
0.5 . .... ...... .0195 .0209 .0197 .0172 .0159 .0139 .0129 .0119 
1.0 ........... .0181 .0144 .0139 .0137 .0136 .0123 .0117 .0111 
2.0 ........ . .. .0126 .0130 .0128 .0122 .0119 .0117 .0109 .0106 
3.0 ........... .0119 .0123 .0118 .0115 .0115 .0110 .0107 .0104 
5.0 .. ......... .0119 .0112 .0112 .0110 .0109 .0106 .0104 .0102 
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Assuming that the x2"' distribution takes proper account of the effect 
of a single small expectation m, we may estimate the eITor involved in 
using the tabular x2 distribution in such cases. The error will depend on 
the number of degrees of freedom in x2, since a single small class presum-
ably contributes to a lesser degree when the number of classes is large. 
For m=O.l, 0.5, 1, 2, 3, and 5 and 2, 3, 4, 5, 6, 10, 15, and 25 degrees of free-
dom in x2, the probability level of x2111 are shown below at the 5 and 1 per 
cent values of the tabular x2• These probabilities are to be regarded as 
more nearly the true probabilities corresponding to apparent probabilities 
of 5 and 1 per cent found by using the tabular x2• 
As has generally been supposed, the tabular x2 underestimates the 
probabilities, except at the 5 per cent level with two degrees of freedom 
(three classes). The error diminishes as the smallest expectation increases 
and also as the number of degrees of freedom increases, though the rate of 
improvement is somewhat irregular in certain parts of the table, as might 
be expected from the nature of the distribution. Except for the most 
extreme case, m=O.l, the errors are not alarmingly great. If a 20-per cent 
error is permitted in the estimation of the true probability (i.e., an error 
up to 1 per cent at the 5 per cent level and 0.2 per cent at the 1 per cent 
level) , the tabular x2 is sufficiently accurate at the 5 per cent level for all 
values of m down to 0.5. To reach this standard of accuracy for m=0.1, 
the number of degrees of freedom in x2 should exceed 15. At the 1 per cent 
level, agreement is not so good. The necessary minimum values of the 
number of degrees of freedom are shown below for the various values of m. 
Smallest expectation m 0.1 0.5 1.0 2.0 3.0 5.0 
----------
Minimum number of degrees of freedom . .. .. . ? 25 10 6 4 2 
For example, with an expectation of two in the smallest class, the 
expectations in the other classes being supposed large, x2 must have at 
least six degrees of freedom if the error at the 1 per cent level is to be less 
than 0.2 per cent. 
From the above investigation it appears that, with only a single small 
expectation, the conventional procedure of grouping a class with a lower 
limit of under 5 is on the conservative side. At the 5 per cent level, the 
lower limit could be set as small as 0.5, and at the 1 per cent level as low 
as 2 without undue error, though it should be remembered that the error 
is consist~ntly in the same direction. For those desiring a better approxi-
mation to the true probabilities, a small table of the 5 and 1 per cent sig-
nificance levels of x2111 is given in Table 8. These significance levels may 
be used instead of the tabular x2 where it is desired to avoid grouping a 
class with an expectation of below 5. The value of x2 is, of course, com-
puted in the usual manner. 
For values of m and numbers of degrees of freedom not shown in the 
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TABLE 8 
FIVE AND 1 PER CENT SIGNIFICANCE LEVELS OF x2m 
NUMBER OF D EGREES OF FREEDOM IN x 2 
SMALLEST 2 I 3 I 
4 I. 5 I 6 I 10 I 15 I 25 EXPECTATION 
5 P er C ent Level 
0.1 .. ... .... .. 8.63 9.82 11.14 12.50 13.87 19.28 25.82 38.37 
0.5 . . .. ... .... 5.93 7.94 9.74 11.41 13.02 18.67 25.30 37.91 
1 .......... .. 5.88 8.04 9.79 11.29 12.79 18.49 25.16 37.80 
2 .... ...... .. 5.87 7.98 9.57 11.17 12.69 18.41 25.09 37.73 
3 ............ 5.87 7.85 9.54 11.13 12.66 18.37 25.06 37.70 
4 ............ 6.04 7.80 9.53 11.11 12.64 18.36 25.04 37.69 
5 ........ .. .. 5.88 7.81 9.51 11.10 12.63 18.35 25.03 37.68 
00 * . . .. ... ... 5.99 7.82 9.49 11.07 12.59 18.31 25.00 37.65 
1 Per Cent Level 
0.1 ........ ... 11 .85 14.10 16.04 17.84 19.56 25.94 33.34 47.19 
0.5 ..... . . . ... 12.78 13.86 15.25 16.78 18.33 24.40 31.59 45.08 
1. ........... 10.31 12.39 14.34 16.17 17.80 23.91 31.13 44.72 
2 ............ 9.85 12.22 13.94 15.64 17.32 23.59 30.88 44.53 
3 ...... .... .. 9.64 12.00 13.71 15.47 17.17 23.47 30.78 44.46 
4 ............ 9.56 11.75 13.62 15.38 17.09 23.41 30.73 44.42 
5 .. .. ........ 9.82 11 .63 13.56 15.33 17.04 23.37 30.70 44.40 
00 * . . . ..... . . 9.21 11.34 13.28 15.09 16.81 23.21 30.58 44.31 
*Tabular x 2 significance levels. 
table, interpolation will be necessary. Where the number of degrees of 
freedom is tabulated, linear interpolation form will probably suffice down 
to m= l, though harmonic interpolation (i.e., linear interpolation on 1/ m) 
is better if m exceeds 2. If the appropriate number of degrees of freedom 
is not tabulated, interpolation should be carried out on the difference 
between ·f .,, and the tabular "f..2• Suppose, for example, that we wish to find 
the 1 per cent value of x2111 for eight degrees of freedom, the smallest expec-
tation being 1. For six degrees of freedom, x2.,. is 17.80 and x2 is 16.81, the 
difference being 0.99. The corresponding difference for ten degrees of free-
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dom is 0. 70. Linear interpolation gives 0.84 for eight degrees of freedom. 
Since the tabular 1 per cent point of x2 is 20.09 for eight degrees of freedom, 
the 1 per cent point of "f..2,,, is taken as 20.93. The correct value is 20.95. 
With more than one small expectation, as is often the case in testing 
the goodness of fit to a unimodal frequency distribution, the errors in 
using the tabular x2 are presumably greater. By an extension of the 
method above, the probability levels of "f..2m, at the 5 and 1 per cent levels 
of the tabular x2 were worked out for a goodness of fit test with two 
expectations of 1.0, the other expectations being assumed large. The 
corresponding results for one and two small expectations are compared 
in Table 9. 
TABLE 9 
COMPARISON OF THE PROBABILITY LEVELS OF x 2m WITH ONE AND Two SMALL 
EXPECTATIONS (m = 1.0) 
NUMBER OF DEGREES OF FREEDOM IN x 2 
NUMBER OF SMALL 3 
I 
4 I 5 I 6 I 10 I 15 I 25 EXPECTATIONS 
5 Per Cent Level of the Tabular x 2 
1 . . ............. . ... .0537 .0553 .0540 .0534 .0527 .0522 .0516 
2 ........... .... . . .. .0592 .0612 .0585 .0569 .0556 .0545 .0529 
1 Per Cent Level 0f the Tabular x 2 
1 ........... .. . . .... .0144 .0139 .0137 .0136 .0123 .0117 0.111 
2 . ... . .... . .... . .... .01 77 .0178 .0176 .0172 .0147 .0133 .0124 
With two small classes, the errors in using the tabular x2 are consist-
ently about twice as great as with one small class. At the 1 per cent level, 
all the tabular x2 probabilities in Table 9 are in error by more than 20 
per cent, though only one value exceeds this limit at the 5 per cent level. 
In the above investigation the expectations were treated as if known 
exactly, whereas in practice they are usually estimated from the sample. 
Calculation of the exact distribution of x2 in such cases would be illumin-
ating, but would involve laborious computations. At first sight it appears 
that the errors introduced by a single small expectation are perhaps 
smaller than those shown in Table 7, since with one unknown parameter 
a x2 with four degrees of freedom represents six classes, as against five 
classes where there are no unknown parameters. 
I am indebted to Dr. R. L. Anderson for the greater part of the compu-
tations in Tables 7 and 8. 
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SUMMARY 
The x2 correction for continuity is a device for obtaining an approxi-
mation to the sum of a number of discrete probabilities by means of a 
corresponding area under the tabular x2 frequency distribution, and should 
be used only at the final stage of calculating the probability level attached 
to a value of x2• The method of making the correction is illustrated on a 
common test for linkage in genetical investigations. 
Where several values of x2 (each with a single degree of freedom) are 
added to form a total x2, uncorrected values must be used. 
The effect of a single small expectation in goodness of fit tests is 
illustrated by working out the exact distribution of x2 for three examples. 
The discontinuities in the exact distribution of x2 produce only a small part 
of the discrepancy between the tabular and the exact x2 distributions. By 
a theoretical approach taking account of the size of the smallest expecta-
tion, a more satisfactory approximation is obtained to the exact distribu-
tion of x2 and is employed to estimate more generally the sizes of the errors 
involved in using the tabular x2• With only a single small expectation, the 
conventional limit of five for the smallest expectation appears unduly 
high. At the 5 per cent level, the tabular x2 distribution may be used 
without undue error with an expectation as low as 0.5, and at the 1 per 
cent level with an expectation as low as 2. For more exact work, a small 
table is given of the 5 and 1 per cent levels of x2 as found by the new 
approximation. 
The errors involved where two expectations are small and the effects 
introduced by the estimation of unknown parameters are briefly discussed. 
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PARASITES OF THE AMERICAN COOT (FULICA AMERICANA) 
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During the 1937 fall migration of waterfowl, a survey of the parasites 
found in the American coot (Fulica americana Gmelin) was undertaken, 
since few intensive examinations have ever been made on a single species 
of game bird. 
Seventeen birds were collected on two small lakes in central Imva 
and examined as soon as possible after being shot. Blood smears were 
made immediately, and upon reaching the laboratory arthropod, helminth , 
and protozoan parasites were removed and fixed in the appropriate man-
ner. The survey revealed the presence of four species of protozoa, four 
species of trematodes, three species of cestodes, two species of nematodes, 
and eight species of Mallophaga. 
The primary purpose of this survey is not to give morphological 
descriptions of the parasites found, but merely to list the parasites and 
the number and percentage of hosts infected, along with literature refer-
ences wherever possible. Brief remarks will be necessary to describe 
those parasites which have not formerly been recorded from the Ameri-
can coot. 
PROTOZOA 
Eimeria paludosa (Leger & Hesse) 
Examination of the fecal matter of seven coots disclosed the presence 
of unsporulated oocysts of a coccidium. Sporulation took place in 4 per 
cent potassium dichromate in 64 hours and revealed the species to be a 
member of the genus Eimeria. Leger and Hesse (4) described, under the 
name Jarrina paludosa, a species of coccidium from the European coot 
(Fulica atra atra) and the moor-hen (Gallinula chloropus chloropus). It 
is quite apparent that this species and the one found in Fulica americana 
are identical, and since there is no major difference by which it differs 
from the genus Eimeria, the genus Jarrina becomes a synonym. 
The original description of Eimeria paludosa gave the dimensions of 
the oocyst as 14 µto 15 µby 11 µ,and the spore as 9µ by 5 µ. Size of the 
form found in survey ranged from 11 µ to 18 µ in length and 9 µ to 13 µ 
1 Journal Paper No. J-7 42 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 570. The Fish and Wildlife Service (U. S. Department of the In-
terior), Iowa State College, Iowa State Conservation Commission, and the American 
Wildlife Institute cooperating. 
2 Now with Ward's Natural Science Establishment, Inc. Rochester, N. Y. The 
author wishes here to express his appreciation to Dr. 0. Wilford Olsen for checking 
the identification of the helminths and to Dr. F. H. Wilson for checking the identifica-
tion of the Mallophaga. 
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in width, with a mean of 15 µby 11 µ; the spore ranged from 7µ to 12 µ 
in length and 4 µ to 6 µ in width with a mean of 9 µ by 5 µ. 
Haemoproteus sp. 
In one bird several gametocytes of a species of Haemoproteus were 
found, but since the infection was not heavy no definite morphological 
studies could be made. This is apparently the first report of this genus 
from the American coot. 
Plasmodium relictum Grassi & Feletti 
A single coot harbored an infection of Plasmodium relictum. The 
infection was very light, but intense examination of blood smears revealed 
both schizonts and gametocytes. All forms found were typical of the 
species. Up to the present time there have been no reports of plasmodia 
in the American coot. 
Trichomonas fulicae Travis 
Travis (9) described a trichomonad from Fulica americana and gave 
an accurate account of the morphology and size of this species. Examina-
tion of the caeca of three of the seventeen coots revealed this species of 
flagellate. 
Catatropis pacifera Noble 
PLATYHELMINTHES 
TREMATODA 
Upon examining the caeca of five of the seventeen coots, specimens of 
Catatropis pacifera were found. This species was described by Noble (6) 
and reference to that paper should be made for more detailed information. 
Cotylurus sp. 
An undetermined species of the genus Cotylurus was found in the 
small intestine of two hosts examined. Infection was very light and only 
five specimens were found in both hosts. Unfortunately, all specimens 
were flattened at the time of fixation, and so sections could not be cut in 
order to give it specific identification. 
Cyclocoelium pseudomicrostomum Harrah 
This species of monostome occurred in the air sacs of four out of the 
seventeen coots examined. It should be pointed out that one bird had as 
many as 54 parasites while another had only 2. Another species of this 
genus, Cyclocoelium microcotyleum Noble 1933, reported from Fulica 
americana, was not found during this survey. 
Echinostoma revoltum (Froelich) 
In the small intestine of seven of the seventeen birds examined, this 
species of trematode was found. Of all the flukes found, this species 
occurred in the greatest number of hosts and in the largest numbers in 
any host. In recent years this species has been recorded from numerous 
hosts, and its life history has been delineated. 
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CESTODA 
Diorchis americana Ransom 
This species of cestode was found in 15 of the 17 birds examined. 
Specimens with gravid proglottids averaged 23 mm. in length, had hooks 
63 µ long, and the cirrus was characteristically slender. The American 
coot is the type host for this species. 
Diorchis acuminata (Clerc) 
Unlike the preceding species this tapeworm occurred in only 10 of 17 
birds. The most mature specimens were up to 85 mm. in length. Hooks 
averaged 40 µ in length and the extruded cirrus had a bulbous enlarge-
ment at its base. Infections with this species were light in comparison 
with Diorchis americana. 
Liga gallinulae (Van Beneden) 
Two immature specimens of Liga gallinulae were found in one coot. 
Although not mature, the principal characters were sufficiently evident 
to make the identity certain. 
NEMATiiELMINTiiES 
Amidostomum chevreuxi Seurat 
This species was originally described from the stilt, Himontopus 
himontopus, and although another species has been recorded from Fulica 
atra, the specimens found in Fulica americana resemble Amidostomum 
chevreuxi in morphology. Size, however, is one character which differs, 
the specimens at hand being larger than those described by Seurat (8). 
Spicules in the specimens collected were 200 µ long as against 120 µ in 
the original description; telamon was 85 µ long in comparison to 60 µ for 
Seurat specimens. In the American coot these parasites were restricted 
to the area between the corneus lining and the muscular wall of the 
gizzard. 
Polymorphus sp. 
Numerous specimens of Acanthocephala, all apparently belonging to 
the genus Polymorphus were collected from 14 coots. 
ARTHROPODA 
MALLOPHAGA 
The following mallophaga were found in this survey (numbers after 
the species' names indicate the number of individual hosts found para-
sitized) : Esthiopterum luridum, 17; Laemobothrion nigrum, 10; Philop-
terus pertusus, 17; Pseudomenopon pacificum, 16; Rallicola advena, 8; 
Anatoecus sp., 1; Esthiopterum sp., 1; Philopterus sp., 1. The last three 
species are represented in this collection by single females only. Since 
the male genitalia are used in classification, these three cannot have spe-
cific names applied to them at this time. They probably represent strag-
glers from other water birds. 
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The results of this survey reveal the fact that even though individual 
examinations of a host species bring to light isolated parasitisms, unless 
intensive studies are carried out the sum total of parasites may never be 
known. Probably no worker is an authority on all the fields of parasitology 
essential to compile the necessary information, but it is evident that assist-
ance can be obtained if the parasites are correctly preserved at the time 
of collection. 
TABLE 1 
SUMMARY OF PARASITES COLLECTED FROM SEVENTEEN HosT INDIVIDUALS 
T OTAL APPROX. 
SPECIES OF p ARASITES No . OF %oF LOCATION IN HosT H OSTS HOSTS 
INFECTED INFECTED 
PROTOZOA 
Eimeria paludosa (Leger & Hesse) 1922 . . .. . 7 41 Creca & colon 
H remoproteus sp . . .. . . .. . . . ... .. . . .. .... .. 1 6 Blood 
Plasmodium relictum Grassi & Feletti 1891 . . . 1 6 Blood 
Trichomonas fulicre Travis 1936 . . .. . . . .... . 3 18 Creca 
TREMATODES 
Catatropis pacifera Noble 1933 . . .. .... . .... 5 29 Creca 
Cotylurus sp . ... . ... . . . . .. ..... . ...... . . . 2 12 Small intestine 
Cyclocrelium pseudomicrostomum Harrah 1922 4 24 Air sacs 
Echinostoma revoltum (Froelich) 1802 ... . . .. 7 41 Small intestine 
CESTODES 
Diorchis acuminata (Clerc) 1903 . . . . . ...... 10 59 Small intestine 
Diorchis americana Ransom 1909 . . ..... ... . 15 88 Small intestine 
Liga gallinulre (Van Beneden) 1861 . ... . . . .. 1 6 Small intestine 
NEMATODES 
Amidostomum chevreuxi Seurat 1918 . .. .. . . 2 12 Wall of gizzard 
Polymorph us sp .. . .. .... . ....... . .. . ..... . 14 82 Small intestine & colon 
ARTHROPODS- MALLOPHAGA 
Anatrecus sp .... .... . .. ................. . 1 6 External body surface 
Esthiopterum luridum (Nitzsh) . ... . ..... .. . 17 100 External body surface 
Esthiopterum sp . .. ...... ... . . . ... .. .... .. 1 6 External body surface 
Lremobothrion nigrum Burm .. . . . .. . . ... . .. 10 59 External body surface 
Philopterus pertusus (Nitzsh) . . ... .. . . . ..... 17 100 External body surface 
Philopterus sp .. . ... . . . . .. . ... .... .. .. . .. . 1 6 External body surface 
Pseudomenopon pacificum (Kell.) .... . .. ... 16 94 External body surface 
Rallicola advena (Kell.) .. . ..... . . .. . ... .. . 8 48 External body surface 
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POTENCY OF FEEDING STUFFS. III. PANTOTHENIC ACID 
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It has recently been demonstrated (Becker and Dilworth1 ) that vita-
min Bi supplement to a ration submarginal in vitamin content exerts a 
restraining action on the development of the coccidium Eimeria nieschulzi 
in the mucosa of its rat host, if the number of terminal stages (oocysts) 
produced during the infection are accepted as the measure of that 
development. Supplementing with vitamin B6 instead of B1, on the other 
hand, increases the yields of oocysts. When the two vitamins are fed 
together the oocyst counts decline to levels significantly lower than those 
for vitamin B1• Thus, while it is true that vitamin B6 may be considered 
a coccidium-growth stimulant when the ration is deficient in vitamin Bi, 
it probably would not play that role in a ration well provided with that 
vitamin unless, perchance, certain other unknown factors should inter-
vene to nullify the interaction. 
In the search for other accessory food factors that might affect the 
development of the parasite in the host, our attention was drawn to 
pantothenic acid, the synthetic calcium salt of which is now commer-
cially available. This vitamin is widely distributed in living organisms, 
both plant and animal (Williams et al.2), is a growth determinant for rats 
(Subbarow and Hitchings3), its deficiency produces dermatitis in chicks 
(cf. Williams4 ) and rats (cf. Richardson and Hogan5), and it is concerned 
in nutritional achromotrichia in rats (Gyorgy and Poling 6• 7). In addition, 
it is known to be active in the growth of microorganisms; namely, certain 
bacteria, yeast, and protozoa (cf. Williams and Saunders,8 Wood et al,9 
Elliott 10). The chemical structure of pantothenic acid is known (Wil-
liams11), and it has been synthesized (Stiller et al.12). The synthetic 
product showed the expected biological activity in chicks and rats. 
The plan of the experiment was to test, first, the effect of calcium 
pantothenate supplement to the control ration, then the effects of vitamins 
1 Jour. Inf. Dis., 68:285, 1941. 
2 Jour. Am. Chem. Soc. 55:2912, 1933. 
• Jour. Am. Chem. Soc. 61:1615, 1939. 
•Science, 89:486, 1939. 
•Proc. Soc. Exp. Biol. and Med., 44:583, 1940. 
• Jour. Biol. Chem. 132:789, 1940. 
1 Science, 92:202, 1940. 
• Biochem. Jour., 28:1887, 1934. 
• Jour. Bact., 33:227, 1937. 
10 Biol. Bull., 68:82, 1935. 
11 Science, 19: 246, 1940. 
12 Jour. Am. Chem. Soc., 62:1785, 1940. 
13 Proc. Soc. Exper. Biol. & Med., 46:494, 1941. 
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B1 and B6 separately on the supplemented ration, and, finally, the effect of 
both B 1 and B 0 in the presence and in the absence of calcium pantothenate. 
The vitamins were administered every other day in amounts as follows: 
calcium pantothenate 200 µgm.; thiamin chloride, 40 µgm.; pyridoxine 
hydrochloride, 120 µgm. Administration was in watery solution, directly 
into the stomach through a rubber catheter attached to a 5 cc. glass 
syringe. The effects of the vitamins on the infection were measured by 
numbers of oocysts eliminated by individual rats during their infections. 
The table also shows weight gains during the first 16 days on the experi-
mental rations. 
Procedure was essentially the same as previously described,1 except 
that soybean oil meal was omitted from the ration to which the vitamin 
supplements were made, leaving the formula as follows, in parts by 
weight: beet sugar, 74; fine cellulose, 2; medium fine unextracted casein, 
15; normal salt mixture (Harris), 4; cod liver oil, 2; lard, 3. 
EXPERIMENTAL DATA 
1. CALCIUM PANTOTHENATE SUPPLEMENT. Eight paired groups of 
rats, involving in all 64 animals, were employed in the tests to determine 
the effect of pantothenate supplement to the control ration. Following the 
previously adopted practice,1 both the unsupplemented and supplemented 
series were maintained on their respective rations for 10 days before the 
date of inoculation, and thereafter until elimination of oocysts had prac-
tically ceased. The size of the groups ranged from 2 to 7 rats. The perti-
nent data obtained appear in tests 1-8, columns 1 and 2, of Table 1. In 
every case of the two series, weight gains for the first 16 days on the 
rations were fairly even, though quite restricted, owing largely to the 
severe limitation of vitamins B 1 and B 6• Also, in every test the recipients 
of pantothenate eliminated more oocysts than did their controls. With 
chances equal, the probability of obtaining 8 positives in 8 trials is only 
about .004. Since the differences in certain cases appeared to be small, 
the differences between the means of the 8 pairs were tested for signifi-
cance by the so-called "Student" -Fisher t-test, with the result that a 
probability value less than 0.01 was obtained, indicating that the differ-
ences between the two series were highly significant. Pantothenate, then, 
definitely favored the tendency of the parasite to complete its development 
in the host when employed as supplement to the control ration. 
2. VITAMIN B 6 SUPPLEMENT. Since the coccidium-growth-promoting 
potency of vitamin Bo when added to the control ration had already been 
demonstrated,1 it was necessary only to test the effect of this material as a 
supplement to the control ration, which in turn was being supplemented 
with pantothenate in both test and reference series. The pertinent data 
appear in tests 10, 11, 12, 14, and 15, columns 2 and 3, of Table 1. The 
series receiving vitamin B 6 made in general somewhat greater weight 
gains than the others for the 16-day period. It will be noted that in all 5 
tests, involving in all 38 rats, the series receiving vitamin B6 exhibited 
a decidedly greater production of oocysts. The probability of obtaining 5 
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positives with chances equal is about .031. When the differences between 
the means of the 5 paired groups were submitted to the "Student"-Fisher 
test previously mentioned, the probability obtained was considerably 
less than 0.01. It may thus be concluded that vitamin B6 in some way or 
other exerted a markedly stimulating effect upon oi::icyst production in 
the host receiving the control ration plus pantothenic acid. 
3. VITAMIN B1 SUPPLEMENT. Tests 11 and 18, columns 2 and 4, of 
Table 1, involving 20 rats, showed little or no difference in oi::icyst counts, 
though in one test the B1 recipients gained considerably more weight 
than the other lot. 
Although vitamin B 1 does exert a depressing effect on oi::icyst pro-
duction when the unsupplemented control ration is fed,1 it does not seem 
to do so when pantothenic acid is fed along with that ration. 
4. VITAMIN B1 +VITAMIN B0 SUPPLEMENT. Since it had been pre-
viously shown quite conclusively that vitamins B1 and B0, when fed 
together1 or injected intraperitoneally,18 exerted a marked restraining 
influence on numbers of oi::icysts produced in an infected host on otherwise 
unsupplemented rations, it seemed highly desirable to ascertain the effect 
of the two vitamins in the presence of pantothenic acid. The experiment 
was planned so that in 5 tests (tests 5-9, columns 1, 2, and 5, Table 1) 
comparisons might be made when the unsupplemented and pantothenate-
supplemented rations were used for the control and in 5 other tests (tests 
13-17) when either the pantothenate- or B6-supplemented rations, or 
both, were used as controls. The superior host-growth-promoting potency 
of the pantothenate + B1 + B6 combination was clearly demonstrated in 
most of the tests. The effects of the vitamins on oi::icyst production, how-
ever, were not so apparent in all cases. The differences between the 
mean oi::icyst counts for the groups in columns 1 and 5 of tests 5-9, Table 1, 
are not significant. Therefore, it may safely be concluded that in the 
presence of pantothenate, vitamins B 1 and B6 did not reduce the oi::icyst 
counts below those for the unsupplemented ration. This conclusion 
appears further justified by the fact that in 4 of the 5 tests the counts 
were actually higher for the pantothenate + B1 + B6 series. 
There are 7 tests (tests 5-8, 13-15) which sought an answer to the 
question whether vitamins B1 and B0 together would reduce the oocyst 
counts when both control and test series received pantothenic acid. By 
inspecting the data for these tests in columns 2 and 5 of Table 1, it can 
be observed that in 4 of the 7 tests the counts were actually higher in the 
case of the rats receiving the B1 and B6 supplement, while the reverse 
was true in the other 3 tests. Statistically, the differences are not signifi-
cant. It appears safe to conclude that in the presence of the pantothenate 
in control and test rations the other vitamin supplements did not produce 
an apparent increase in resistance of the host to the completion of the life 
cycle of the coccidium in its intestine. 
5. MISCELLANEOUS TESTS: There appear in Table 1 data for 2 other 
sets of comparisons. In tests 9 and 13, column 6, appear the data for 2 
small groups of rats which received both vitamins B1 and B6 , but no 
TABLE 1 
MEAN NUMBER OF OocYSTS ELIMINATED AND MEAN WEIGHT GAINS BY GROUPS OF RATS. (NUMBERS OF RATS IN GROUPS ENCLOSED IN PARENTHESES) 
RATION DESIGNATION 
TEST No. KIND OF DATA (1) (2) (3) (4) (5) (6) 
Control Con.+P . A. Con.+P. A. Con.+P.A. Con.+P.A. Con.+ B1 + Bo 
+Bo +B1 +B,+B, 
1 No. oiicysts . 81 (3) 100 (3) .. 
16-day wt. gain .... 26 g. 20 g. 
~ 
2 . No. oiicysts. 24 (7) 39 (7) ?:' 16-day wt. gain . .. 22 g. 21 g . 
Ill 
3. No. oiicysts . 58 (3) 77 (3) l"l () 
16-day wt. gain .. .. 29 g. 31 g . ~ l"l 
lll 
4 . No. oi:icysts . 125 (5) 153 (5) > 16-day wt. gain .... . 28 g. 33 g. z 
t:i 
5. No. oi:icysts. 69 (4) 92 (4) 112 (3) r' 
16-day wt. gain .. . 26 g. 26 g. 52 g. rll 
6 . No. oi:icysts. 90 (4) 96 (4) 88 (4) a= ~ 16-day wt. gain ... 35 g. 34 g. 46 g. ~ 
7 . No. oi:icysts. 66 (2) 99 (2) 76 (3) 
16-day wt. gain ... 25 g. 20 g. 49 g. 
8. No. oi:icysts . 71 (4) 101 (4) 89 (3) 
16-day wt. gain .... 26 g. 26 g. 32 g. 
9. No. oi:icysts. 34 (1) 51 (2) 9 (2) 
16-day wt. gain ..... 30 g. .. 50 g. 41 g . 
10. No. oi:icysts. 43 (5) 87 (5) 
16-day wt. gain . . . 31 g. 38 g. 
TABLE 1-Continued 
11 No. oiicysts . 41 (6) 102 (6) 41 (6) 
16-day wt. gain. ... 33 g. 36 g . 35 g. 
t"l 
12. No. oocysts. 85 {3) 121 {3) ~ 
16-day wt. gain. ... 44 g. 44 g. t"l !:!;j 
.... 
13 . No. oiicysts. 83 (4) 98 (4) 8 (3) > 
16-day wt. gain . .. 36 g. 49 g. 46 g. > z 
ti 
14. No. oocysts. 22 (3) 81 (3) 66 (3) 'ti 
16-day wt. gain . . .. 25 g. 32 g. 46 g . > z 
15 . No. oocysts . 32 {2) 75 (2) 70 (2) >-! 0 
16-day wt. gain .. . . 16 g. 27 g. 40 g. >-! ::i: 
t"l 
16. No. oiicysts . 88 (2) 81 (3) z 
.... 
16-day wt. gain ... 30 g. 33 g. (") 
> 
17. No. oocysts . 39 (4) 16 (4) (") .... 
16-day wt. gain. .. 32 g. 42 g . ti 
18 . No. oocysts . 18 (4) 16 (4) 
16-day wt. gain. ... 25 g. 39 g . 
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pantothenate supplement. The oocyst counts are extremely low as com-
pared with the other rations, as would be expected in the light of pre-
viously reported experiments to which reference has previously been 
made. 
Tests 14-17 also make possible a comparison between oocyst counts 
for rats on a ration consisting of control + pantothenate + B6 (column 3) 
and one consisting of control + pantothenate + B6 + B1 (column 5). In 
all 4 cases weight gains are lower and oocyst counts higher for the former 
series. It would require many more experiments to determine positively 
whether the differences are significant, but it appears certain that vita-
mins Bi and Ba did not reduce the oocyst counts so materially as they did 
when pantothenate supplement was not present. · 
DISCUSSION 
In continuing the search for food factors that affect the numerical 
increase of Eimeria nieschulzi in its rat host, pantothenic acid has been 
investigated. This vitamin, like Ba, promotes rat growth in the proper 
combination with other vitamins and, when added to our "control" ration, 
which has a restricted vitamin content, favors coccidium development, 
though not with the potency exhibited by B6• Vitamin B 6, when added 
to the pantothenate-supplemented control ration, still further promotes 
the parasite's development. This apparent independence of the two vita-
mins is in marked contrast to the parasite-inhibiting effect exhibited by 
vitamins B1 (also rat-growth-promoting) and B6 employed together as 
the supplement to the same control ration. Future studies may show that 
it is premature to speak of independent action of Ba and pantothenate, 
but at least they should show that they do not operate together to restrict 
the natural climax of the parasite's cycle. 
The oocyst counts are high, indeed comparable to those for control 
ration, control ration plus pantothenate, or control ration plus pantothenate 
and B6, when pantothenate is fed in the control ration along with both B 1 
and B6 . The obvious explanation is that pantothenate either masks or in-
terferes with the interaction of B1 and Ba that is manifested in reduced 
oocyst counts when pantothenate is present in minimal amounts. Quanti-
tative studies on the amount of pantothenate necessary to negate the latter 
effect would constitute a fascinating study, as would also quantitative 
studies with B 1 and B6 irrespective of pantothenate. 
The investigation herewith reported centers about the general prob-
lem of explaining the potency of certain feeding stuffs in enhancing the 
r eproduction of Eimeria nieschulzi in its rat host. Since the number of 
oocysts eliminated by a rat during the course of a single infection was 
adopted as the criterion of the increment of the parasite in the host, the 
differential effects of the rations are exhibited in terms of forms that 
represent the culmination of the cycle in the host. Thus, while the study 
is to be classified as purely in the field of parasite population, the stages 
of the parasite enumerated were the eliminated products of the infections. 
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The results obtained are to be regarded strictly as population studies, not 
as bases for conclusions relative to the effect of diet on clinical coccidiosis. 
SUMMARY 
When a particular ration that was restricted in vitamin Bi, vitamin 
Ba, and pantothenate, and possibly certain other accessory food factors, 
was employed as "basal," the addition of calcium pantothenate effected 
moderate increases in the numbers of oi::icysts eliminated during E. 
nieschulzi infections. 
The additional supplement with vitamin Ba was evidenced by a still 
further and more marked increase in oi::icyst counts. 
The addition of vitamin B1 , or of both vitamins B1 and Ba, to the 
ration already supplemented with pantothenate did not result in the 
marked decrease in numbers of oi::icysts eliminated so characteristic of the 
B 1 + B6 supplement to the ration lacking pantothenate supplement. Thus, 
pantothenate supplement counteracts the coccidium-inhibiting effect of 
the vitamin B1 and B6 supplement. 
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Gluconic acid is produced by a relatively simple oxidation of glucose. 
Such an oxidation can be carried out by chemical or biological means, 
usually in the presence of a neutralizing agent such as calcium carbonate. 
However, the ability of certain microorganisms to become adapted to an 
acid environment offers a means of producing free gluconic acid directly 
from glucose. A review of the literature indicated that a feasible process 
for the commercial production of gluconic acid should be able to utilize 
the oxidizing ability shown by members of the genus Acetobacter. 
Strains of Acetobacter in a medium containing approximately 5 per 
cent glucose were cultivated in undisturbed solutions and also in vigor-
ously aerated solutions. Th.e results of this preliminary study on acid 
production in the absence of a neutralizing agent are given in this report. 
Since the present system of classifying the Acetobacter is not perfected, 
the organisms included in these studies were those reported in previous 
literature and sub-cultured from original isolations. Unidentified strains 
obtained from various sources were not included. 
HISTORICAL 
Bacterial formation of gluconic acid in glucose media was first 
reported by Boutroux with Mycoderma aceti (13), with B. pasteurianum 
(14), and with an organism isolated from mycoderma aceti (15, 16). The 
calcium salt was found to be identical with that obtained when a glucose 
solution containing calcium carbonate was subjected to the action of 
chlorine (34) and bromine (38). 
Many additional studies on the bacterial formation of gluconic acid 
from glucose have appeared. Brown found that this acid was formed by 
B. aceti (17) as well as by his newly isolated B. xylinum (18). Another 
organism produced very little acid directly from glucose according to 
Zeider (56) unless the acid was neutralized as it was formed. Seifert (45) 
incubated cultures of B. pasteurianum and B. kutzingianum for 5 weeks 
and obtained greater yields of acid when calcium carbonate was present. 
In general, the optimum temperature was between 25° and 30°C. for 
these bacteria. Variations in temperature influenced acid formation 
according to Henneberg (27, 28), who used cultures of the three acetic 
1 Established by the Bureau of Agricultural Chemistry and Engineering, U. S. 
Department of Agriculture, in cooperation with the Iowa State College. The Agricul-
tural By-Products Laboratory was transferred to the Northern Regional Research 
Laboratory, Peoria, Illinois, July 1, 1941, and work is being continued by the Fer-
mentation Division. 
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acid bacteria found in Mycoderma aceti (B. aceti, B. kiitzingianum, and 
B. pasteurianum) and in his newly isolated forms (B. oxydans, B. aceto-
sum, and B. acetigenum). Gluconic acid formation was also observed by 
Beijerinck (2). 
The classical studies of Bertrand (11) showed that his "sorbose bac-
terium" (later identified as B. xylinum) oxidized the aldehyde group of 
dextrose and other sugars to the corresponding acids and that yields were 
increased in the presence of calcium carbonate (12). Gluconic acid was 
also produced by B. rancens (3, 35) and by the newly isolated Acetobacter 
melanogenum in the presence of chalk (4). Thermophilic forms of acetic 
acid bacteria produced little or no acid even in the presence of calcium 
carbonate according to Waterman (53) and Janke (36, 37). 
Acetobacter suboxydans was reported by Kluyver and his associates 
as having the exceptional ability to form gluconic (40) and other acids 
(41). Visser't Hooft has suggested acid formation from glucose and other 
substances was a means of classifying the Acetobacter (52). Besides B. 
xylinoides and B. xylinum, Hermann isolated, from a fermented sweet-
ened tea, a new strain of acetic acid bacteria, B. gluconicum, which pro-
duced high amounts of gluconic acid (29, 30). Another strain isolated 
more recently from a similar source also formed gluconic acid (51). 
Ketogluconic acid is formed in addition to gluconic by B. gluconicum 
(31) and B. xylinum (10). Likewise, of four new varieties of acetic bac-
teria isolated from dried persimmon by Takahashi and Asai (47), three 
produced other acids in addition to gluconic ( 48, 49), later shown by 
Bernhauer and his co-workers to be 2-ketogluconic, 5-ketogluconic (7), 
and aldehydegluconic (1-guluronic) acids (8). The fourth variety, B. 
hoshigaki var. rosea, showed almost quantitative conversion of glucose 
to gluconic acid in 10 to 18 days. 
It may be observed in the data presented by Hermann and Neuschul 
(32) that some acetic bacteria do not accumulate calcium gluconate but 
rather 5-ketogluconate in the presence of calcium carbonate during an 
incubation period of 90 days. The absence of calcium carbonate tended 
to prevent the formation of reducing acids (9). On the other hand, almost 
quantitative conversion of 15 per cent glucose solutions to gluconic acid 
was reported with A. suboxydans in the Pfesence of chalk within 24 hours 
if the solutions were air-agitated (23)·. V 
Gluconic acid has been formed by other bacteria (1, 19, 24) and is 
recognized as a rather general fungal metabolite. The conditions are given 
for its formation in flasks (5) and under aeration, pressure, and agitation 
(25) . ./ 
The formation of products in addition to gluconic acid has been dis-
cussed in the comprehensive survey of the biochemical activities of the 
acetic acid bacteria prepared by Butlin (20) and others (6, 44) . 
EXPERIMENTAL 
Although solutions containing up to 35 per cent glucose have been 
fermented, calcium carbonate was necessary as a neutralizing agent, and 
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the addition of boron with the higher co~centrations of glucose aided in 
stabilizing the calcium gluconate (43). However, the production of 
gluconic acid solutions without the necessity for a neutralizing agent has 
not been extensively studied, although B. gluconicum has been shown to 
produce the acid continuously by the rapid vinegar method and gave 
about 80 per cent conversion in 8 to 16 days when a 10 per cent glucose 
solution was recirculated (33). 
The investigation herein reported was made on a 5 per cent glucose 
medium in an attempt to select an organism, if possible, that would readily 
convert glucose to gluconic acid in the absence of a neutralizing agent 
and under conditions of continuous air-agitation. After such selection, 
additional studies would be necessary to determine the maximum glucose 
concentration efrmentable under varying conditions of pressure, aeration, 
and agitation. 
Cultures maintained for 14 days under undisturbed conditions and 
cultures aerated for 4 days at the rate of 300 cc. of air per minute per 
150 cc. of solution were studied. These incubation periods were selected 
after experiments had shown that under the conditions of these experi-
ments, most bacterial activity, as measured by glucose utilized and acid 
accumulated, may be considered as having reached a minimum within the 
time intervals indicated. In fact, many of the organisms had apparently 
ceased activity much sooner. 
lNOCULUM. Cultures were maintained on agar slants containing 2 per 
cent sorbitol (glycerol could be used in place of sorbitol) and 0.5 per cent 
yeast extract (Difeo). After incubation at 30°C. for 7 days, the stock 
cultures were kept at 5°C. in the refrigerator. Transfers were made 
every 4 to 6 weeks. Prior to utilization as inocula, the organisms were 
cultivated for 10 days at 30°C. on agar slants containing 5 per cent glu-
cose, 2 per cent calcium carbonate, and 0.5 per cent yeast extract. After 
the cultivation period, 10 cc. of sterile water was added to each tube and 
a bacterial suspension was made by scraping the organisms from the agar 
surface. The resulting suspension was used as inoculum at the rate of 
1 cc. for each 300 cc. of fermentation solution. 
FERMENTATION SOLUTION. Since a neutralizing agent was not used 
throughout these fermentations, solutions were prepared to contain 
approximately 50 grams of glucose and 5 grams of yeast extract per liter. 
Undisturbed fermentations were made on 300-cc. portions placed in 1-liter 
Erlenmeyer flasks. Fermentations under aeration were conducted on 
150-cc. portions containing 2 drops of octadecyl alcohol added as an anti-
foaming agent. The apparatus illustrated in Figure 1 permitted the simul-
taneous study of the effect of air-agitation on the contents of 32 tubes. 
The details of a single unit of the aeration assembly are given in Figure 2. 
FERMENTATION. The flasks and tubes were inoculated in quadrupli-
cate and placed in a constant temperature room at 30°C. for the required 
fermentation periods. At the end of the fermentation, the pH of the 
fermented solution in each flask or tube was determined. The solutions, 
after being made up to their original volumes by the addition of water, 
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were analyzed for reducing sugars and titratable acidity. Those solutions 
in each set of quadruplicates which gave approximately the same analysis 
were combined for detailed analyses. Thymol was added as a preserva-
tive. The data obtained on these combined solutions are given in Tables 
1 and 2. 
ANALYTICAL PROCEDURE. The pH was determined by means of a glass 
electrode. Total acidity was determined using phenolphthalein as the 
indicator. Standard NaOH (0.1 N) was added so that an excess of about 
5 cc. was present over the amount required to give a permanent pink 
color. The volume was diluted to about 30 cc. and the flask was placed in 
a water bath until the contents were heated to 60° or 65°C. This warm 
solution was titrated with HCl (O.lN) and the difference between the 
alkali and acid readings was recorded as total acidity. 
Gluconic acid was determined on a 50-cc. aliquot of the fermented 
liquor by precipitation as its calcium salt in a 70 per cent alcohol solution 
similar to the manner described fur determining the identification ratio 
(25). An excess of calcium carbonate was added, and after boiling a few 
minutes in order to complete the reaction the hot solution was filtered 
through a Buchner funnel. The residue was washed with hot water. The 
clear filtrate which contained the salts soluble in hot water was concen-
trated on a steam bath to a volume of about 20 cc. The concentrate was 
cooled and sufficient 95 per cent alcohol was added while stirring to obtain 
a final concentration of 70 per cent alcohol. After cooling the mixture in 
the refrigerator overnight, the resulting precipitate was filtered on a 
tared paper in a Buchner funnel and washed five times with cold 70 per 
cent alcohol. The precipitate was dried at 80°C. for 2J hours and weighed. 
The crude calcium salts prepared gave varying reducing values. The 
tests previously made to obtain the identification ratio indicated prac-
tically quantitative recovery of calcium gluconate in the presence of 
glucose, hence it appeared most likely that this reducing impurity was 
calcium 5-ketogluconate. It was assumed, therefore, that all reducing 
material in the crude precipitate was calcium 5-ketogluconate. The differ-
ence between this weight and that of the crude precipitate was assumed 
to' be calcium gh.iconate. Since calcium gluconate contains one molecule 
of water of hydration, the equivalent amount of gluconic acid can be 
calculated by applying the factor _0.875. 
The amount of acid giving a calcium salt soluble in hot water was 
determined on 10-cc. aliquots of the fermented solution by boiling with 
an excess of calcium carbonate, filtering, washing, and determining the 
calcium in 'the filtrate by precipitation as oxalate, and titrating with per-
manganate. Comparing the number of cc. 0.1 N permanganate solution 
required with that obtained by direct alkali titration of the fermented 
liquor indicated that in most cases some acids were formed which yielded 
calcium salts insoluble in hot water. 
Calcium determinations made on the crude calcium gluconates 
showed that all the calcium present in the 70 per cent alcohol solutions 
was not recovered in these precipitates but that calcium salts soluble in 
this concentration of alcohol were also formed. 
GLUCONIC PRODUCTION BY ACETOBACTER 455 
FIG. 1. Aeration assembly of 32 units used in fermentation studies. 
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Fie. 2. Details of a single unit in the aeration assembly used in fermentation studies. 
A. Air inlet from compressor. 
B. Tube containing cotton filter C and glass tube D. 
E. Rubber stopper holding glass assembly and held in place by rubber bands. 
F. Sintered glass bubbler. 
G. Air outlet tube with openings at H and cotton at J. 
K. Exit of air into room. 
L. Air passage to fiowmeter. 
TABLE 1 
Acm PRODUCTION OF VARIOUS AcETOBACTER CULTIVATED UNDISTURBED FOR 14 DAYS AT 30°C . DATA PRESENTED ON BASIS OF 100 cc. OF 
MEDIUM WHICH CONTAINED APPROXIMATELY 5 GRAMS OF GLUCOSE1 
ORDER 
OF Acm 
PRODUCTION 
1. . . ..... . . . 
2 .. .. ...... . 
3 . ... . . 
4 . ......... . 
5 ......... . 
6 ... . 
7 .... ...... . 
8 ... ...... . 
9 ........ .. . 
10 ... . 
11. .. . 
12 . . . . 
13 ... . 
ORGANISM 
AcETOBACTER 
suboxydans . .... ....... . 
gluconicum .. 
xylinum .. . ..... . 
aceticum .. ... ...... . .. . 
acetosum ... .. ... ...... . 
melanogenum .......... . 
orleanese . . . ... . 
aceti ............. . ... . . 
ascendcns . . ............ . 
pasteurianum . . . 
rancens .. ... . .. ........ . 
kiltzingianum . .. . 
peroxidans . . . .... ... . . . . 
pH 
2.35 
2.56 
2.50 
2.52 
2.50 
2.20 
2.56 
2.90 
3.10 
3.05 
3.12 
3.30 
4.74 
TOTAL 
TrrRATABLE 
Acm 
0.1 N 
cc. 
249 
241 
227 
225 
221 
192 
146 
118 
87 
70 
47 
26 
16 
5-KETo-GLUCONIC 
Acm2 GLUCONIC Acm3 
0.1 N 0.1 N 
cc. cc. 
201 22 
204 4 
183 6 
198 
176 
69 16 
107 21 
113 . . . . . . . . . . . . 
71 . . . . . . . . . . . . 
63 . . . . . . . . . . . . 
44 . . . . . . . . . . . . 
24 . . . . . . . . . .. . 
14 . . . . . . . . . .. . 
HoT WATER ALCOHOL 
VOLATILE INSOLUBLE SOLUBLE 
Acms CALCIUM CALCIUM 
SALTS4 SALTS5 
0.1 N 0.1 N 0.1 N 
cc. cc. cc. 
8 22 4 
7 28 5 
2 24 14 
6 5 21 
2 25 17 
23 62 45 
1 21 . ........... 
2 . . . . . . . . . . .. ... .... .. 
1 9 7 
1 . .. .. . . . .... 5 
0 . . ........ . . . ......... . , 
0 . .. . . . . . . . . . . .. . .. . .. . .. 
1 9 . . . . ..... ... 
lThe glucose content per 100 cc. of the sterilized medium was 5.6 grams by the copper method and 5.30 grams by the iodine method. 
20btained by deducting the weight of the calcium 5-ketogluconate from the calcium precipitate and converting the results to gluconic acid. 
3Assuming that all the copper reducing value of the precipitate is caused by calcium 5-ketogluconate. 
4Combined calcium insoluble in hot water obtained by subtracting the combined calcium soluble in hot water, calculated as cc. 0.1 N, from 
the ti tra table acidity. 
6Combined calcium soluble in both hot water and in 70-per cent alcohol. 
TABLE 1-(Continued) 
YIELDS 
REDUCING VALUE AS GLUCOSE PORTION OF GLUCOSE 
ORDER TITRATABLE WEIGHT OF CONVERTED ORGANISM Acm1Tv DuE GLucoNIC Acm TO GLUCONIC Ratio of Weight OF ACID ACETOBACTER TO GLUCONIC Acm6 of Gluconic Acid PRODUCTION Copper Method Iodine Method to 5.6 Grams 
Glucose 
Gram Gram Percentage Gram Percentage Percentage 
1. . ..... .. .. suboxydans ....... 1.66 1.13 80.6 3.95 64.7 70.5 
2 .. ........ . gluconicum . ...... 0.95 1.09 84.6 4.01 65.7 71.8 
3 .. ..... . . .. xylinum . .. ..... . . 1.34 1.17 82.5 3.58 58.6 63.9 
4 ...... .. ... aceticum . .. ..... . 1.02 0.91 88.0 3.89 63.8 69.4 
5 ... . . . . . . . . acetosum ......... 1.48 2.27 79.6 3.44 56.4 61.4 
6 ........... melanogenum ..... 3.17 8.30 36.0 1.35 22.1 24.1 
7 ... . . . . . . . . orleanese ... . . .. .. 3.09 2.88 73.3 2.11 34.4 37.5 
8 ... .. ...... ace ti ....... ...... 3.07 3.30 95.7 2.20 36.0 39.3 
9 ........... ascendens ......... 3.89 4.16 81.6 1.40 22.9 25.0 
10 .... ....... pasteurianum . .. .. 3.69 3.46 90.0 1.24 20.6 22.1 
11. .......... rancens .......... 4.08 4.50 93.6 0.86 14.1 15.3 
12 ..... ... ... kiltzingianum ..... 1.93 0.66 92.3 0.47 7.7 8.4 
13 ........ ... peroxidans ........ 4.35 4.91 87.5 0.28 4.6 5.0 
6The 5.6 grams glucose present should yield 6.1 grams gluconic acid which is equivalent to 310 cc. 0.1 N titer. 
TABLE 2 
Acm PRODUCTION BY VARIOUS AcETOBACTER CuLTIVATED IN SOLUTIONS AIR-AGITATED FOR 4 DAYS AT 30°C. DATA PRESENTED ON BASIS OF 
100 CC. OF SOLUTION WHICH CONTAINED APPROXIMATELY 5 GRAMS OF GLUCOSE1 
ORDER 
OF Acm 
PRODUCTION 
1. ........ . . 
2 .... . ..... . 
3 .......... . 
4 .. . .... . . . . 
5 . . ... . .... . 
6 ..... . .. . . . 
7 .......... . 
8 ......... . . 
9 .. . ... . ... . 
10 ..... . .. . . . 
11 ..... . .... . 
12 .......... . 
13 . .. . ...... . 
RATE OF AERATION WAS 300 CC. PER 150 CC. SOLUTION PER MINUTE 
ORGANISM 
AcETOBACTER 
melanogenum ...... . . .. . 
suboxydans .. . ... ..... . . 
gluconicum . . . . ....... . . 
orleanese . . . . . .. ....... . 
acetosum ..... . .. . ..... . 
aceticum ..... . ..... . .. . 
aceti ....... . ....... . .. . 
xylinum .... . .... . ..... . 
ascendens . . .. . ......... . 
kiitzingianum .. .. . ..... . 
pasteurianum . ...... ... . 
rancens ..... .. .... . . . .. . 
peroxidans ... . ...... . .. . 
pH 
2.06 
2.30 
2.35 
2.28 
2.47 
2.78 
2.74 
2.88 
3.00 
3.14 
3.15 
3.58 
5.21 
TOTAL 
TITRATABLE 
Acm 
0.1 N 
cc. 
338 
260 
255 
221 
200 
145 
116 
103 
62 
48 
33 
23 
12 
GLUCONIC 
Acm2 
0.1 N 
cc. 
130 
190 
220 
182 
159 
122 
102 
89 
61 
46 
25 
19 
8 
5- KETo- VOLATILE GLUCONIC ACIDS Acm3 
0.1 N 0.1 N 
cc. cc. 
55 13 
25 9 
9 7 
19 5 
12 3 
10 2 
. . . . . . . . . . . . 6 
8 5 
. . . . . . . . . . . . 1 
. . . . . . . . . . . . 1 
. .. .... .. . .. 3 
.. . .... . . .. . 0 
. . ..... ... . . 0 
HOT WATER ALCOHOL 
INSOLUBLE SOLUBLE 
CALCIUM CALCIUM 
SALTS4 SALTS5 
0.1 N 0.1 JV 
cc. cc. 
90 63 
19 26 
22 . . . . . . . . . . . . 
8 12 
. . . . . ....... 26 
11 . ..... .. ... . 
16 . ....... . ... 
. . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 
. . . ... . . . ... . . . ... . . . ... 
. . . . . . . . . . ..... . .... . 
5 . ...... . .. . . 
5 . . . ... ... . .. 
lThe glucose content per 100 cc. of the sterilized medium was 5.6 grams by the copper method and 5.30 grams by the iodine method. 
20btained by deducting the weight of the calcium 5-ketogluconate from the calcium precipitate and converting the results to gluconic acid. 
8Assuming that all the copper reducing value of the precipitate is caused by calcium 5-ketogluconate. 
•Combined calcium insoluble in hot water obtained by subtracting the combined calcium soluble in hot water, calculated as cc. 0.1 N, from 
the titratable acidity. 
6Combined calcium soluble in both hot water and in 70-per cent alcohol. 
~ 
'"d 
0 
::0 
Cl 
t>1 
~rn 
!"i 
'."<.! 
(") 
t"' 
~ 
~ 
ri 
?> 
Cl 
> rn ;a 
0 (") 
~ 
TABLE 2-( Continued) 
YIELDS 
REDUCING VALUE AS GLUCOSE PORTION OF GLUCOSE 
ORDER TITRATABLE WEIGHT OF CONVERTED ORGANISM AcmITY DuE GLUCONIC Ac m TO GLUCONIC Ratio of W eight OF Arno ACETOBACTER TO GLUCONIC Acm6 of Gluconic Acid PRODUCTION Copper Method Iodine Method to 5.6 Grams 
Glucose 
Gram Gram Percentage Gram Percentage Percentage 
1. ..... . ... . melanogenum ..... 1.19 1.67 38.5 2.56 41.9 45.7 
2 .. .. . . . . ... suboxydans ....... 1.82 0.72 73.0 3.72 61.0 66.4 
3 . . . . . . ..... gluconicum . ...... 0.68 0.61 86.3 4.32 70.8 77.2 
4 . ......... . orleanese ......... 1.73 1.20 82.4 3.56 58.4 63.6 
5 ... .. ...... acetosum . ........ 1.50 1.46 79.5 3.12 51.2 55.3 
6 .. ... ...... aceticum ... .. . ... 2.76 2.71 84.0 2.30 37.7 41.1 
7 . .... . ..... aceti .. . . . . . . . . . . . 2.85 4.02 88.0 2.00 32.8 35.7 
8 ...... . .... xylinum .......... 4.28 6.69 87.5 1.74 28.5 31.1 
9 ......•.... ascendens ......... 3.78 4.00 98.0 1.19 19.5 21.2 
10 .. .... . .... kiltzingianum ..... 4.00 4.19 96.0 1.00 16.4 17.8 
11. .......... pasteurianum .. .. . 3.76 4.12 76.0 0.49 8.0 8.7 
12 ... . ....... rancens .... ..... . . 4.80 4.86 82.5 0.37 6.1 6.6 
13 .. ....... . . peroxidans . .. .... . 3.55 3.99 66.6 0.10 1.6 1.8 
6The 5.6 grams glucose present should yidd 6.1 grams gluconic acid which is equivalent to 310 cc. 0.1 N titer. 
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Volatile acids were determined by extracting a 90-cc. aliquot con-
tinuously with ether according to the procedure of McNair (42), who 
showed that this method avoids the breakdown of other acids. Only small 
amounts of volatile acids were found in most of the liquors, and qualitative 
tests showed the presence of acetic acid and only traces of formic acid. 
An oily residue also was present in the ether extract. 
The reducing value of the fermented solution was determined by the 
Shaffer and Hartmann copper method (46) and also by the Kline and 
Acree iodine method (39). The residual glucose determined by the copper 
method should include, in addition to glucose, other reducing substances, 
such as ketogluconic and guluronic acids. Since the Kline and Acree 
method determines aldo-groups in the presence of keto-groups, it was 
believed that the use of the two methods would indicate the amount of 
keto-acids present. The analyses were made on solutions clarified by 
means of lead acetate and dipotassium acid phosphate. The reducing 
values in terms of glucose obtained by these methods showed such v~ria­
tion that the data were useless for determining the amount of keto-acids 
or of glucose in the liquor. Incidentally, both methods of analysis gave 
the same results with pure dextrose solutions before and after clarification. 
The clarified nonfermented medium gave a glucose value of 5.6 grams per 
100 cc. by the copper method and 5.3 grams by the iodine method, indi-
cating the presence of copper-reducing substances besides glucose. 
Since the amount of glucose utilized by the organisms was not deter-
minable by the methods used, the pertinent data in the tables and figure 
have been presented for ready comparison on the basis of normality. 
I. FERMENTATIONS CONDUCTED UNDISTURBED IN FLASKS 
The data on fermentations conducted in 1-liter Erlenmeyer flasks 
containing 300 cc. of solution and left undisturbed for 14 days are in 
Table 1 and Figure 3. The organisms have been listed in the order of 
decreasing amounts of total acidity found in solution and show marked 
differences in their ability to accumulate acid. Although A. suboxyd.ans 
showed the highest amount of total acidity, A. gluconicum gave the high-
est yield of gluconic acid. All the precipitates insoluble in 70 per cent 
alcohol had some reducing values which were calculated as equivalents 
of calcium 5-ketogluconate, although other reducing substances were 
probably present. 
The values reported as residual glucose are of doubtful significance, 
as indicated earlier. In only two cases, A. suboxyd.ans and A. xylinum, 
does the difference in reducing values approach that of the calcium 
5-ketogluc~nate values. 
It is apparent that marked accumulation of acid occurs only with 
the organisms that do not oxidize the glucose completely. The calcium 
complexes varied in color; white products were obtained from cultures of 
A. ascendens and A. gluconicum, brown from A. suboxydans, while a very 
dark brown product was recovered from A. melanogenum. 
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II. FERMENTATIONS CONDUCTED WITH AIR-AGITATION 
The use of aeration with this group of organisms is not novel since 
it has been used efficaciously to yield various products (21, 22, 23, 26, 50, 
54, 55). 
The inoculated tubes were aerated for 96 hours at the rate of 300 cc. 
ACID PRODUCTION 
BY ACETOBACTER 
IN 5% GLUCOSE MEDIA 
• GLUCONIC ACID 
D OTHER ACIDS 
UNDISTURBED 
14 DAYS 
AERATED 
4DAYS 
320 
280 
Frn. 3. Total acid, as cc. 0.1 N-per 100 cc. fermented liquor, produced by various 
Acetobacter. 
Abbreviations: R.=rancens; K.=kiitzingianum; P.=peroxidans. 
of air per minute per tube of 150 cc. of solution, which was the maximum 
air flow tried in the preliminary studies. Doubtless, varying this period of 
aeration would have given data different from those presented in Table 2 
and Figure 3. The organisms have been listed in the order of decreasing 
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amounts of titratable acidity found in the liquor fermented under air-
agitation. 
It is apparent that aeration had a marked effect on the activity of the 
organisms as measured by the total acidity produced. A. melanogenum 
shows the greatest increase, and A. orleanese also produces more acid 
under conditions of aeration, while A. xylinum and A. aceticum show 
decreased yields. The amounts of volatile acids present show but slight 
changes from those produced in the undisturbed cultures with the excep-
tion of A. melanogenum which showed a decrease. In the latter case, a 
large portion of the calcium was not recovered in the fraction soluble in 
hot water. The alcohol-insoluble precipitate was deep brown and had a 
high reducing value. After deducting the calcium keto-gluconate equiva-
lent to the reducing ~alue from the total precipitate, only 38.5 per cent 
of the titratable acid could be attributed to gluconic acid. Of the remaining 
high acid-producers, A . suboxydans showed the highest content of acids 
other than gluconic; whereas A. gluconicum gave the greatest yield of 
gluconic and showed increased yields due to aeration, apparently at the 
expense of the undetermined fraction. In this case, as in the nonaerated 
tests, the latter organism had relatively small amounts of other acids 
present. . 
In this aeration study the calcium precipitates obtained from A. sub-
oxydans and A . melanogenum were very brown, while the remaining ones 
were light brown or white. 
Aeration influenced the fraction reported as residual glucose. Solu-
tions fermented by A. melanogenum and A. orleanese gave lower reducing 
values, while increased reducing values were obtained in liquors contain-
ing A. xylinum and A. kiitzingianum. The copper and the iodine methods 
again show marked diversity in reducing value. Aeration decreased those 
substances that reacted with iodine in the case of A. melanogenum and 
increased those in cultures of A. xylinum. The copper-reducing fraction 
increased with A. suboxydans, while it decreased with A. gluconicum. 
DISCUSSION 
These studies were made in order to select an organism that would 
readily convert glucose to gluconic acid in the absence of a neutralizing 
agent. Five per cent glucose solution was selected in order to permit 
fairly rapid fermentation, although in the presence of a neutralizing agent 
(calcium carbonate) concentrations of 15 to 30 per cent of glucose can be 
fermented. The Acetobacter vary in their ability to convert glucose to 
gluconic acid and, under the conditions of this experiment, form signifi-
cant amounts of other acids in addition to gluconic, as may be readily 
observed in Figure 3. 
Because this study was limited to the production of gluconic acid, 
ultimate analyses of the fermented liquors were not made, but traces of 
formic, small amounts of acetic, and 5-ketogluconic acids were found. In 
addition, upon adding an excess of calcium carbonate to the fermented 
liquor, a product, soluble in hot water and insoluble in the 70 per cent 
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alcohol, was formed. This product had a high degree of hygroscopicity 
and imparted a brown color to the calcium salts on the filter. A. suboxy-
dans formed a relatively large amount of this substance, although it had 
been reported that this organism formed only gluconic acid when culti-
vated under intense aeration (23). This product may be the aldehyde-
gluconic acid (guluronic) of Bernhauer and Irrgang (8). 
The amount of calcium 5-ketogluconate in the precipitated salt was 
obtained from the reducing value and read directly from a curve, the 
points of which were previously determined with a pure salt. The pres-
ence of other reducing substances doubtlessly affected this value, but in 
order to estimate the amount of gluconic acid present, the total reducing 
value as ketogluconate was deducted from the weight of the total calcium 
precipitate. 
Aeration had a varying effect upon acid accumulation. Some cultures 
gave an increased total acid yield, while others produced lesser amounts. 
A. melanogenum showed the highest amount of titratable acid when the 
solutions were aerated during incubation, but a large part of this acid 
was not accounted for in the fractions reported. This undetermined frac-
tion may merit further investigations. Aeration increased the ability of A. 
gluconicum to produce gluconic acid, and under such conditions this 
organism appeared superior to A. suboxydans. 
The results have been presented wherever possible as cc. of tenth-
normal solutions. For comparison, the 5.6 grams of glucose found in 100 
cc. of the original solution should yield, upon complete conversion, 6.1 
grams of gluconic acid, which is equivalent to 310 cc. of 0.1 N titer. A. 
gluconicum converted 65.8 per cent of the 5.6 grams of glucose to gluconic 
acid under undisturbed conditions and increased this conversion to 70.8 
per cent under air-agitation. The yields based on the weight of available 
glucose would therefore be 71.8 and 77.2 per cent. 
The final acidity as indicated by the pH of the fermented liquor 
varied with the organisms and also changed as a result of aeration. The 
lowest pH, and therefore the highest degree of acidity, was found with 
those organisms that produced· the greatest amounts of acid. In many 
cases, liquors fermented with air-agitation had lower pH values than their 
undisturbed counterparts. It is of interest to note that A. melanogenum 
continued its activity at pH 2.06, and that a pH of 2.3 was noninhibitory to 
at least three species which formed appreciable amounts of gluconic acid. 
Adjusting the pH of the original solution may offer a means of selecting 
organisms that produce high amounts of acid and thus withstand high 
degrees of acidity. 
The advantages of using the aeration assembly with selected organ-
isms for a study of this type of fermentation are apparent. Additional 
studies should be made with use of pressure, in addition to aeration and 
agitation, in order to ascertain if the fermentation period can be reduced 
still further and if higher concentrations of glucose can be readily fer-
mented in the absence of a neutralizing agent. The study and control of 
various factors with a selected organism, such as A. gluconicum, should 
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lead to the establishment of conditions for the production of gluconic acid 
with the presence of the minimum amount of contaminating acids. 
SUMMARY 
Thirteen strains of Acetobacter were grown in a 5 per cent glucose 
solution containing 0.5 per cent yeast extract under two conditions: (a) 
undisturbed for 14 days; and (b) with vigorous air-agitation for 4 days. 
The aerated liquors were generally more acid than their undisturbed 
counterparts; the lowest pH was 2.06, while three other organisms caused 
the liquors to reach pH values approximating 2.3. 
A. gluconicum appeared to be the best O!ganism for the production 
of gluconic acid in the absence of a neutralizing agent and under condi-
tions of air-agitation. 
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The increasing use of cultural methods in place of the microscope 
in the diagnosis of various pathological conditions in man can be expected 
to reveal, first, a greater number of organisms which have been described 
previously but not reported from those sources and, second, many species, 
both new and old, which resemble morphologically the older reported 
forms. The diplococcal form is quite common in many pathological con-
ditions. This form may represent either a true diplococcus or the diplococ-
cal form of pleomorphic species. The two types can be separated only 
by cultural methods so that the various organisms can be placed correctly 
in a systematic classification of bacteria. 
The organisms which form the basis of this report were obtained 
from cases of conjunctivitis and vaginitis. Those cases included the new-
born, children with conjunctivitis and girls of prepuberty age, both normal 
and those with varying degrees of vaginitis. 
EXPERIMENTAL 
The medium used for isolation was a chocolate agar made from Difeo 
proteose peptone No. 3 with 5 per cent citrated human blood. Later rabbit 
blood was substituted for human blood. Ten per cent sugar solutions in 
distilled water were sterilized at 15 pounds pressure for 15 minutes. The 
final dilution in broth was 1 per cent. Aniline oil crystal violet was used 
in the Gram stain with acetone as the decolorant. All media were incu-
bated before use. A sterile cotton swab was used to obtain the specimen 
which was streaked immediately over the plate. Each type of colony with 
some duplications was examined for Gram negative diplococci. The 
presence of colonies of the genus N eisseria was determined by pouring 
over the surface of the agar an aqueous solution of dimethyl-p-phenylene-
diamine. Organisms other than Neisseriae [Gordon and McLeod (6), 
Price (12)] give the reaction which makes it essential to examine black 
colonies microscopically and culturally for identification. 
DESCRIPTIONS OF SPECIES 
Neisseria fulva n. sp. 
ETYMOLOGY: fulvus (Latin) = tawny, tan, reddish yellow. 
Gram negative, nonsporulating, nonmotile diplococci; 0.4-0. 7 µ di-
ameter; morphologically identical to N. gonorrhoeae; easily stainable with 
usual aniline dyes. 
[471] 
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COLONY: on chocolate agar, raised, round, smooth, margin entire; 
1.0-4.0 mm. diameter. No rough variants. Surface of light tan, under 
surface bright yellow. Colony consistency of soft wax; adheres to sub-
strate. Older colonies show concentric rings. 
DIMETHYL-P-PHENYLENEDIAMINE REACTION: positive. 
BROTH: growth granular. 
Acid from glucose, fructose, maltose, sucrose. 
SOURCE: isolated in almost pure culture from eye and vagina of 
patient with conjunctivitis and vaginitis. 
Neisseria gigantea n. sp. 
ETYMOLOGY: giganteus (Latin)= of or pertaining to giants. 
Gram negative, nonsporulating, nonmotile diplococci; 1.0-1.2 µ di-
ameter; easily stainable with aniline dyes. 
COLONY: on chocolate agar, raised, round, smooth, margin entire; 
1.0-4.0 mm. diameter. Young colonies clear, becoming slightly opalescent. 
No rough variants: Outer flat rim or margin develops on older colonies. 
On meat extract agar, opalescent in thicker layers. On both media col-
onies waxy; colony as a whole can be moved over the substrate with a 
needle. 
DIMETHYL-P-PHENYLENEDIAMINE REACTION: positive. 
BROTH: growth granular, settling to bottom. 
Carbohydrates not fermented. 
SouRcE: normal vagina. 
SPECIES OTHER THAN NEISSERIAE 
In addition to the species of the genus N eisseria other species were 
obtained from the purulent discharge of conjunctivitis and vaginitis which 
could not be identified by means of the present keys. The diplococcal 
forms of these species were mistaken for N eisseriae in the early part of 
the investigation, but they were proved later to be pleomorphic rods. The 
morphology, staining reactions, and the cultural characters of the various 
species were identical. The fermentative powers varied from absence of 
fermentation of carbohydrates in some to acid and gas production in 
several. These species would be placed among several genera if fermenta-
tive reactions only were considered, but by so doing the relationship 
would be so superficial that they would be at variance with species of like 
fermentative ability. 
The morphological and cultural characters of these species with such 
varying fermentative abilities are the same and may be described as a 
unit. This unity of characters can serve as a basis of tribal relationship. 
The characters in common of the group as a whole are: (1) pleomor-
phism with the diplococcal form predominating on the solid media and a 
more nearly even distribution of cocci, rods, and filaments in liquid media; 
(2) a modified bipolar staining; (3) Gram negativeness with some reten-
tion of Gram positiveness; (4) encapsulation; and (5) the physical ap-
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pearance of the colonies with various media. Only the fermentative power 
varies. 
When it was believed early in the investigation that these species were 
N eisseriae it was assumed that the occasional rod or filament which was 
seen was a contaminant. Further platings were carried out in an attempt 
to purify the culture. However, after repeated platings and examinations 
of stained smears made from broth cultures, the highly pleomorphic 
nature of the organisms was fully recognized. The microscopic picture of 
the freshly isolated organisms is so strikingly diplococcal that a broth 
culture is useful in showing that the organisms do not belong to the genus 
N eisseria. The cultures which have been grown on artificial media for 
approximately 12 months have lost the purely diplococcal form on the 
solid media. The diplococcus/ rod ratio has dropped from several hun-
dred/ one to one/ one or lower. The ratio in broth cultures is less than 
one/ one at the time of primary isolation. No medium has been found 
which will keep indefinitely the purely diplococcal form on solid media. 
Many cells have the appearance of a rod with a modified or extended 
bipolar staining. The cells appear to be diplococci with adjacent flattened 
sides but with a very narrow band which is stained very lightly between 
the two cocci. These cells suggest rods with the polar staining extending 
somewhat less than one-half the length of the rod. In some of these forms 
the narrow band is stained so lightly that there is a question whether the 
cell is a rod or a diplococcus with flattened adjacent surfaces simulating 
the gonococcus. It is impossible to determine accurately whether some of 
these forms are truly diplococci or rods with an extended bipolar staining. 
Many of the forms appear to be diplococci with no suggestion of an un-
stained narrow band between the two cocci. Either a strong or weak 
counterstain gives the same picture. This type of staining was observed 
by D'Herelle (3). 
The very lightly stained or the unstained central portion of these 
organisms is in direct contrast to Escherich's description (4) of E. coli in 
which some of the cells showed a stained central portion with the ends 
unevenly stained or unstained, 
The Gram stain is negative but the staining may be uneven. Some of 
the cells may retain the blue in whole or in part; however, the retention 
of the positiveness is not constant. Young and old cultures have shown 
the retention. Retention has been obtained when either aniline oil crystal 
violet or Hucker's ammonium oxalate modification is used. Many platings 
and the fact that individual cells showed a partial retention attested to the 
purity of the cultures. 
R etention of the Gram positiveness has been recorded by Frankel 
' (5) , Jaeger (7), von Lingelsheim (10), and Ruata (13). 
Encapsulation has been shown consistently over a period of two years 
on artificial media. 
Growth on either chocolate or meat extract agar is luxuriant, and the 
colonies are white, glistening, smooth, moist, and viscid in varying de-
grees. With some of the organisms there is not as abundant growth at 
TABLE 1 
FERMENTATION REACTIONS OF THE PLEOMORPHIC Roos 
Glu. Mal. Lac. Sue. Mann- Dulc- Salicin Dex tr in Motility Indal Methyl NO, V-P Cit-ital itol Red rate 
---- --
(a) .... . ... . AG AG AG AG AG AG - - + + + + - + 
(b) .. . ...... AG AG AG AG AG AG AG - - + + + - + 
(c) ......... AG AG AG - AG AG - - - + + + - ± 
(d) ......... AG AG AG - AG AG AG - - + + + - + 
(e) . .... .... AG AG AG - AG AG AG AG - - - + - + 
(f) .. . ....... A A - - A A VSA VSA ± - + + - + 
(g) .... .. ... A - - - A A - - ± - - - - + 
(h) . . . . ..... - - - - - - - - - - - - - -
± Positive and negative forms were found. 
VSA Very slight change toward acidity with phenol red. 
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primary isolation as later. The growth in meat extract broth is diffuse, 
usually with a viscid sediment which rises from the bottom in whorls 
when the tube is shaken. 
The differentiation of these organisms is the action upon carbo-
hydrates. The fermentation reactions are shown in Table 1. ' 
If these organisms are combined according to the type of fermentation 
three separate groups may be made as follows: Group One, those' which 
possess no fermentative power with any of the carbohydrates tested; 
Group Two, those which ferment with the production of acid only; and 
Group Three, those which produce acid and gas from the carbohydrates. 
Mirna n. gen. 
ETYMOLOGY: mimus (Latin)= mimic, impersonator. 
Gram negative pleomorphic rods; may retain partially Gram positive-
ness; often show modified bipolar staining. Grow well on meat extract 
media, growth at primary isolation occasionally less abundant. Do not 
ferment carbohydrates. May or may not give reaction with dimethyl-p-
phenylenediamine. 
Mirna polymorpha n. sp. 
ETYMOLOGY: polymorphos (Greek)= many forms. 
Pleomorphic, nonsporulating, nonmotile, encapsulated, Gram nega-
tive rods, 0.5-0.7x1.0-3.0 µ; diplococci predominate on solid media with 
high percentage of rods and filaments in liquid media. Many diplococci 
identical morphologically to N. gonorrhoeae. Apparent cocci 0.5-0. 7 µ 
diameter, filaments variable 0.5-1.5x10.0-40.0 µ. Show modified bipolar 
staining. May retain partially Gram positiveness. 
COLONY: on meat extract or chocolate agar, usually luxuriant growth; 
colonies white, glistening, smooth, moist, viscid. 
DIMETHYL-P-PHENYLENEDIAMINE REACTION: negative. 
BROTH: growth diffuse, usually with a viscid sediment. 
CARBOHYDRATES: glucose, maltose, sucrose, mannitol, dulcitol, salicin, 
dextrin not attacked. 
M. R.: negative. 
V. P.: negative. 
CITRATE: negative. 
lNDOL: negative. 
NITRATES: not reduced. 
CATALASE: positive. 
- SOURCE: normal vagina. 
Mirna polymorpha var. oxidans n. sp. n. var. 
ETYMOLOGY: oxider (French)= to oxidize. 
CELL MORPHOLOGY: that of the species. 
CULTURAL CHARACTERS: those of the species. 
DIMETHYL-P-PHENYLENEDIAMINE REACTION: positive . 
.. SOURCE: normal vagina, vaginitis. 
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Herellea n. gen. 
ETYMOLOGY: after D'Herelle. 
Gram negative, pleomorphic rods, often retaining partially Gram 
positiveness; many show bipolar staining; motile or nonmotile. Grow well 
on meat extract media; ferment certain carbohydrates with production of 
acid only. Nitrates may or may not be reduced. 
Herellea vaginicola n. sp. 
ETYMOLOGY: vaginicola (Latin) = vaginal inhabitant. 
Pleomorphic Gram negative rods, may retain partially Gram posi-
tiveness, nonsporulating, nonmotile, encapsulated. Diplococci predomi-
nate on solid media, rods and filaments show high percentage in liquid 
media. Many diplococci identical morphologically to N . gonorrhoeae. Rods 
often show bipolar staining. Rods 0.5-0.7x1.0-3.0 µ; filaments 0.5-
1.5 x 10.0-40.0 µ; apparent cocci 0.5-0.7 µdiameter. 
COLONY: on meat extract and chocolate agar, white, glistening, 
smooth, moist, viscid, growth usually luxuriant. 
DIMETHYL-P-PHENYLENEDIAMINE REACTION: negative. 
BROTH: growth diffuse, usually with viscid sediment. 
CARBOHYDRATES: acid from glucose, mannitol, dulcitol. 
M. R.: negative. 
V . P .: negative. 
NITRATES: not reduced. 
CITRATE: positive. 
CATALASE: positive. 
SouRCE: normal vagina, conjunctivitis. 
Colloides n . gen. 
ETYMOLOGY: kolla (Greek) = glue, ides = like, glue-like, mucoid. 
Gram negative, pleomorphic rods. May retain partially Gram posi-
tiveness; often show bipolar staining. Grow well on meat extract media; 
ferment certain carbohydrates with production of acid and gas. 
Colloides anoxydana n. sp. 
ETYMOLOGY: an = not, oxider (French)= to oxidize. 
Pleomorphic, nonsporulating, nonmotile, Gram negative rods; may 
retain partially Gram positiveness; encapsulated; often show bipolar 
staining; diplococci predominate on solid media, high percentage rods and 
filaments in liquid media. Many diplococci identical morphologically to 
N. gonorrhoeae. Rods 0.5-0.7x1.0-3.0 µ; filaments 0.5-1.5x10.0-40.0 µ; 
apparent cocci 0.5-0. 7 ~L diameter. 
COLONY: on meat extract and chocolate agar, growth, usually luxuri-
ant, white, glistening. smooth, moist, viscid. 
BROTH: growth diffuse, usually with a viscid sediment. 
DIMETHYL-P-PHENYLENEDIAMINE REACTION: negative. 
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CARBOHYDRATES: acid and gas from glucose, maltose, lactose, mannitol, 
dulcitol. Does not ferment sucrose, salicin, dextrin. 
INDOL: positive. 
M. R.: positive. 
V. P.: negative. 
CITRATE: positive. 
NITRATES: reduced. 
CATALASE: positive. 
SOURCE: normal, vagina, vaginitis, conjunctivitis. 
The outstanding characters of the three genera are their similarity, 
morphologically and culturally, and the identical appearance of. the 
diplococcal form to N. gonorrhoeae. The morphological and cultural de-
scription of one genus is applicable to the other two, except the variation 
in the fermentation of carbohydrates. It appears logical to group the three 
genera together to form a tribe. 
Mimeae n. tribe 
EYTOMOLOGY: mimus (Latin) =mimic, impersonator. 
Gram negative, pleomorphic, motile or nonmotile rods; often show 
bipolar staining; may retain partially Gram positiveness; many forms 
show modified bipolar staining. Grow well on meat extract media; may 
or may not produce acid or acid and gas from carbyhydrates. May or 
may not give dimethyl-p-phenylenediamine reaction. 
Key to Genera and Species of the Tribe Mimeae 
a. Do not ferment carbohydrates. 
Genus I: Mima 
b. Do not oxidize dimethyl-p-phenylenediamine. 
Species I: M. polymorpha 
bb. Oxidizes dimethyl-p-phenylenediamine. 
Var. I: M. polymorpha var. oxidans 
aa. Ferment certain carbohydrates. 
b. Acid but no gas from carbohydrates. 
Genus II: Herellea 
. Species I: H. vaginicola 
bb. Both acid and gas from carbohydrates. 
Genus III: Colloides 
Species I: Col. anoxydana 
A few of the species under (g) in Table 1 are 0.3 to 0.5 µ in diameter 
in the diplococcal form. These forms have been placed with the larger 
organisms for the present. 
The author feels that morphological characters should be given the 
first consideration with respect to tribal description. All species have the 
same tribal description in morphology, staining reactions, and the ability 
to show a variation in form on solid and in liquid media. The genera 
embrace a greater variability in fermentative powers when compared 
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· to other groups as the colon-typhoid. It seems rather doubtful whether 
motility, as shown under (g) in Table 1, would warr._ant more than sub-
specific, at most specific, value. 
The fermentation Groups One, Two, and Three and the key have 
been made rather broad for two reasons. First, a simplification of specific 
descriptions, as shown for E. coli in the 1939 edition of Bergey's Manual 
of Determinative Bacteriology, appears logical ·and far less confusing 
and, second, these groups are entirely in a formative stage. 
When the organisms of the tribe Mimeae are first isolated from in-
flammatory conditions, the two outstanding features are, first, the pre-
dominantly diplococcal form on solid media and the change to a mixture 
of diplococci, rods, and filaments in broth, and second, the change of form 
can be switched at will by changes in the media. After cultivation on 
media for a year or more, the diplococcal form on the solid media has 
given way somewhat to rod forms, and in broth the filaments do not show 
the extremely large sizes and variable shapes. The modified bipolar 
staining does not vary with time. The tendency to retain the Gram posi-
tiveness remains but with decreased frequency. 
Occasionally organisms are found which resemble the Mimeae in 
pleomorphism and the modified bipolar staining, particularly in catherized 
specimens of urine. The taxonomic relationship of these organisms to the 
Mimeae has not been a part of this investigation. 
The tribe Mimeae should be placed under the Bacteriaceae for the 
present. The organisms of this tribe which do not ferment carbohydrates 
would not answer the familial description of the Enterobacteriaceae as 
defined by Bergey et al. (1). It does not appear desirable to place the 
organisms in separate tribes upon the basis of a single fermentative test 
or upon the assumption that the source from which the various organisms 
were isolated would give a positive or negative correlation \vith a tribe. 
DISCUSSION 
The Mimeae resemble the genus Proteus in pleomorphism; however, 
the Mimeae are larger and do not have the growth characters of the genus 
Proteus. They resemble the genus Klebsiella in encapsulation, but the 
morphology is so completely different that their relationship would appear 
to be higher than generic. The extended or modified bipolar staining sug-
gests a relationship to the Pasteurella, but dissimilarity of the two types 
of staining would preclude any more than a distant relationship. The 
resemblance to the colon group is the lactose fermentation. The high ratio 
of diplococcal forms, encapsulation, and the staining reactions are dis-
similar. Including the citrate utilization test at least two test substances 
in the fermentative reactions are at variance with the organism of the 
colon group which it most nearly resembles. With some exceptions the 
methyl red, Voges-Proskauer, and the citrate utilization tests would sug-
gest the intermediate group of Koser (9). However, the high percentage 
of diplococcal forms, the pleomorphism, the modified bipolar staining and 
the Gram retention would preclude that classification. 
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The close relationship of the various fermentative groups is shown 
by the following characters: the diplococcal form on the solid media with 
diplococci, rods, and filaments in broth; the unevenness of the staining 
reactions; the presence of cells which appear to have an extended or 
modified bipolar staining; the encapsulation; the pleomorphism; and the 
appearance of the colonies on solid media. It would appear that this cor-
relation of morphological and biological characters would constitute a 
combination sufficient to warrant at least tribal designation. 
There have been several species described in the literature which 
may be related to the organisms of the tribe Mimeae. Cocco-bacillus 
foetidus ozenae Perez (11), Coccobacillus conjunctivae Ruata (13) and 
Coccobacillus acridiorum D'Herelle (3) appear to be nearer the organisms 
described in this paper with the possibility that Coccobacillus fusiformis 
Karwacki (8) may belong to a related group. The extremely meager 
descriptions of the earlier species with an indefinite generic use of Cocco-
bacillus or variations of it are somewhat confusing in the literature. A 
careful study of the original articles by Buchanan (2) failed to confirm 
the use of the name by Leube or Cornil and Babes as reported by De Toni 
and Trevisan or by Perroncito as reported by Bergey et al. Assuming that 
Cocco-Bacillus aracrobiiis .perfoetens Tissier (16) and Cocco-bacillus 
f oetidus ozenae proposed as trinomials and the prior use of the generic 
name to be invalid, Coccobacillus perfoetans Tissier (17) might have 
priority. However, the description of Coccobacillus perfoetans is so 
meager that objections can be raised to making it a valid name. For the 
same reason objections can be raised against the validity of Coccobacillus 
fusiform is. 
The author is inclined to agree with Smith (14) that the generic use 
of Coccobacillus is not valid. The generic use of the word for a particular 
group and descriptions in the literature of several species which would 
not be valid would increase the confusion. Further, while the generic use 
of compound descriptive words of form or growth characters long used 
in a generic sense would not necessarily invalidate them, it does not seem 
desirable since any form or growth character may be used to describe 
many genera. Sternberg (15) recognized this with respect to the word 
diplococcus. 
SUMMARY 
Two new species of the genus N eisseria, N. fulva, and N. gigantea have 
been described. 
A new tribe, Mimeae, of highly pleomorphic rods with three genera, 
Mima, Herellea, and Colloides, has been proposed. Three type species and 
one variant, Mima polymorpha, Mima polymorpha var. oxidans, Herellea 
vaginicola, and Colloides anoxydana, have been described. 
ACKNOWLEDGEMENTS 
Appreciation is expressed to Dr. George C. Ruhland, Health Officer 
of the District of Columbia, who has made this study possible by his 
j 
480 G. G. DE BORD 
cooperation and interest. Acknowledgements are due Dr. H. H. Leffler 
for his many courtesies and collaboration, and to Dr. J. M. Beebe for 
editorial help with the descriptions. 
PERTINENT LITERATURE 
1. BERGEY, D. H., R. s. BREED, E. G. D. MURRAY, AND A. P. HITCHENS 
1939. Manual of determinative bacteriology. 5th ed. Baltimore, Md. 
2. BUCHANAN, R. E. 
1925. General systematic bacteriology. Williams and Wilkins Co., Balti-
more, Md. 
3. D'ffERELLE, F. 
1914. Le Coccobacille des Sauterelles. Ann. Inst. Past. 28: 280. 
4. EscHERrcH, TH. 
1886. Die Darmbakterien des Sauglings. Stuttgart. 
5. FRANKEL, c. 
1899. Ueber das Vorkommen des Meningococcus intracellularis bei eitrigen 
Entziindungen des Augenbindehaut. Zeitschr. f. Hyg. 31: 221. 
6. GoRDON, J., AND J. W. McLEOD 
1928. The practical application of the direct oxidase reaction in bacteriology. 
Jour. Path. and Bact. 31: 185. 
7. JAEGER, H . 
1902-03. Zur Frage der morphologischen und biologischen Charakterisierung 
des Meningococcus intracellularis. Centrbl. f. Bakt., I Abt., Orig. 33: 23. 
8. KARWACKI, L. 
1909. Cocco-bacillus fusiformis (nova species), jako zarazek posocznicowy. 
Gaz. lek. 2 ser. 29: 679. 
9. KOSER, S. A. 
1927. Sanitary significance of differential tests for 'the coli-aerogenes group. 
Am. Jour. Pub. Health, 17:1178. 
10. LINGELSHEIM, W. VON 
1905-06. Die bakteriologischen Arbeiten der Kgl. Hygienischen Station zur 
Beuthen 0.-Schl. wahrend der Genickstarreepidemie in Oberschlesien im 
Winter 1904-05. Klin. Jahrb. 15: 373. 
11. PEREZ, F. 
1899. Recherches sur la bacteriologie de l'ozene. Ann. Inst. Past. 13: 937. 
12. PRICE, I. N. 0. 
1929. The oxidase reaction in the laboratory diagnosis of gonorrhoeae. Brit. 
Med. Jour. 1: 199. 
13. RUATA, V. 
1909. Ueber einen Kokkobacillus der menschlichen Bindehaut. Centrbl. f. 
Bakt., I Abt., Orig. 51: 630. 
14. SMITH, E. F . 
1905. Bacteria in relation to plant diseases. Vol. 1. Carnegie Institution of 
Washington, Washington, D. C. 
15. STERNBERG, G. M. 
1892. Manual of bacteriology. New York. 
16. TissIER, H. 
1900. Recherches sur la flore intestinale des nourrissons. These pour le 
Doctorat en Medecine. Paris. 
17. 
1905. Repartition des microbes dans l'intestin du nourrisson. Ann. Inst. Past. 
19:109. 
ANENT THE ORIGIN OF SWEET CORN1 
Zea Mays, L. var. rugosa, Bonaf. 
A. T. ERWIN 
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Ames, Iowa 
Received December 15, 1941 
Two divergent opinions are held regarding the origin of sweet corn. 
One is that it is a distinct species and a pre-Columbian food plant of the 
North American Indian. The other is that sweet corn is a mutation of 
field corn and a plant of relatively recent origin. 
There are four possible sources of information which may throw 
more or less light upon the history of this plant. These are archeology, 
Indian legends, genetic studies, and early American literature. 
ARCHEOLOGY 
/ 
Innumerable specimens of historic maize are to be found in all the 
leading archeological museums in the United States. With the exception 
of a single ear, which may readily be accounted for as a mutation, sweet 
corn is conspicuous by its absence from these collections. This is the 
reverse of what one would expect, considering the fact that in the pre-
Columbian period four-footed domestic animals did not exist on this 
continent; consequently, maize was grown wholly for human consump-
tion. In brief, the archeological evidence as to sweet corn being a pre-
Columbian food plant is negative in character and clearly suggests that 
sweet corn is a post-Columbian plant. 
INDIAN LEGENDS 
Numerous Indian legends have been reported in print which list 
sweet corn as an Indian food plant. These legends have been carefully 
and accurately reported by various investigators and constitute an im-
portant source of information, provided they are treated as oral legends 
rather than factual statements. In weighing statements of this character 
made by the Indians, the fact must be kept in mind that their sense of 
time is quite vague; and second, that tribal glorification is likely to be a 
factor. 
The writer upon one occasion was given some seed of cowpeas, 
V igna sinensis, by a "granny" of the Mesquakies, with the solemn assur-
ance that they had been "grown by her people always." Robbins et al., 
in referring to the Tewa Indians, reports that wheat "was mentioned 
along with aboriginal food stuffs. It is even introduced into stories to 
1 Journal Paper No. J-770 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 293. 
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describe pre-Spanish events, the Indians not being sensitive to anachron-
isms of this kind."2 
Such experiences are not uncommon with those who have worked 
among the Indians. In brief, Indian legends may prove valuable as afford-
ing a clue, but many of them require confirmation from other sources. 
GENETIC CONCEPT 
Recent genetic studies3 have demonstrated that the sugary character 
of the sweet corn endosperm is due to the inability of the plant to complete 
the formation of normal corn starch or, as has been expressed tersely, 
sweet corn is field corn in an arrested state of development. Genetic 
studies have also determined that the absence of this starch forming 
character is heritable and characterizes the sweet corn group. In support 
of the mutation theory, a number of cases are on record. Dr. E.W. Lind-
strom discovered a single kernel of sweet corn as a mutant in a con-
trolled series of pedigree cultures of dent corn. Four generations of this 
mutant have been crossed with normal sweet corn and all have proven 
the original kernel to have been a true mutant of field corn. 
Dr. E. M. East concludes that sweet corn varieties do not belong to 
a single unit but include both dent and flint types which have lost their 
ability to form starch. East suggests that such mutations may appear in 
both groups, but they first appeared in the flint type. In this connection 
it is interesting to note that the only historic4 ear of sweet corn on record 
in the United States, so far as we have been able to learn, is of the 
Golden Bantam type classed by the writer as belonging to the flint corns; 
while the mutation of Lindstrom was of the dent type. Mutations may 
also have occurred in the flour type, Prof. A. L. Kroeber of the Uni-
versity of California collected in Peru an interesting pre-Columbian 
specimen of sweet corn. Prof. G. W. Hendry, of the same institution, 
regards this ear as a mutation of flour corn, though, to the writer, it 
appeared to be Zea amylsaccharata of Sturtevant. We are informed by 
Prof. Juleo C. Tello of the Museo de Antropologia, Lima, Peru, that there 
exists in the Sierra a sweet variety of an undetermined species of maize 
which the Indians call "Chullpi-Sara." Professor Tello also notes that 
he has never found the dented type of maize in pre-Columbian tombs. 
An interesting but unrecorded sweet corn mutation may have oc-
curred in Iowa shortly after the war between the states. Mr. S.S. Barr,5 
a retired school teacher residing in the vicinity of Davenport, Iowa, was 
the party in this case. Barr was a keen student of the corn plant and 
following his experiments with sweet corn reached three conclusions, 
two of which were far in advance of his time. One was that sweet corn 
• Robbins, W. W., J. P. Harrington, and B. Freire-Marreco, Ethnobotany of the 
Tewa Indians, U . S. Bur. Am. Ethn., Bul. 55, 1916. 
• Mangelsdorf, P. C., and R. G. Reeves. The origin of Indian corn and its relatives, 
Tex. Agr. Exp. Sta., Bul. 574, 1939. 
•Erwin, A. T., A rare specimen of Zea Mays var. saccharata, Science, 79: 589, 1934. 
' The writer is indebted to Mr. G. L. Kurtzweil of Des Moines, Iowa, and Prof. 
J . C. Cunningham of Iowa State College for access to the unpublished field notes 
of Mr . Barr. 
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was a mutation, or what he called a sport of field corn. Second, that its 
sweetness was due to the arrest of starch formation in the saccharine 
stage of field corn. His third concept was that sweet corn could be devel-
oped from field corn by late planting, by shading the plants during the 
summer, and harvesting it in the dough stage for at least 7 years. Barr 
introduced a variety called Silver Sweet, which he claimed was derived 
from Silvermine field corn by the above method. Pharoah's Dream, ~ 
variety of sweet corn, was another one of his productions. In the light 
of later genetic studies, it seems probable that he was dealing with either 
sweet corn mutations or contamination which occurred wholly inde-
pendent of the cultural controls which he set up. 
EARLY LITERATURE 
A number of eastern publications contain statements that sweet corn 
is an ancient food plant of the North American Indian. These state-
ments appear to rest either directly or indirectly upon the work of 
Sturtevant.6 This authority conceived sweet corn to be a distinct species 
(Zea saccharata, Sturt.) and a corn which he states was "secured from 
the Indians in 1779." This corn he called Susquehannah or Papoon corn. 
This opinion was based upon a copied article in the New England Farmer 
to the effect that one Richard BagnalF secured Papoon corn from the 
Iroquois Indians on the occasion of Sullivan's Expedition. 
The New England Farmer article in turn was quoted from an anony-
mous article signed "Plymotheus," published in the Old Colony Memorial, 
a local newspaper published at Plymouth, Massachusetts. Plymotheus in 
turn based his information upon an oral legend of what somebody told 
somebody 43 years before. 
Parker8 in his interesting volume, "Iroquois' Use of Maize," lists 
sweet corn as an Indian food plant and refers to the "Journal of Capt. 
Richard Bagnall." However, upon request of the author for information 
as to Bagnall's Journal, we are referred to Sturtevant, and to date, we 
have not been able to locate Bagnall's Journal, if any exists.9 Papoon 
corn appears to be a good example of a statement first reported as an oral 
legend and finally stated as a fact. A myth may have value as affording a 
clue to historic data, but it surely cannot be accepted as a historic fact in the 
absence of corroborative evidence. Do we have such evidence in this case? 
Sullivan's Journal recounts in detail the fact that quantities of field corn 
or Indian corn, beans, pumpkins, turnips, and potatoes were destroyed on 
his expedition, but we do not find a line about sweet corn, or sugar corn, as 
• Sturtevant, E. L ., Sturtevant's notes on edible plants, ed. by U. P. Hedrick, Albany, 
J. B. Lyon Company, 1919 (N. Y. State Dept. Agr., Ann. Rpt. 27 (1918-19), v.2, pt. II). 
1 Also spelled Bagnal. 
• Parker, A. C., Iroquois uses of maize and other food plants, N. Y. State Mus., Bul. 
144, 1910. 
• Subsequent to the submission of this manuscript, we are in receipt of a letter 
from Edna L. Jacobson, Head, Manuscripts and History Section, New York State 
Library, as follows: "I find no mention of a journal of Richard Bagnall in the various 
publications of journals or lists of journals relating to the Sullivan Expedition or in 
Henriette M. Forbes, New England diaries 1602-1800, published in 1923." 
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it was sometimes called. Another important source of information regard-
ing Sullivan's Expedition is to be found in the diary of the Livermore10 fam-
ily. Through the courtesy of Dr. J. R. Livermore of Cornell University, who 
is a direct descendant of an ancestor who took part in Sullivan's Expedi-
tion, the writer was afforded opportunity to examine the evidence pre-
sented in this volume. Like Sullivan's diary, it contains numerous refer-
ences to the destruction of field corn or Indian corn,11 but sweet corn is 
not mentioned. The nearest approach is probably the following: "Tues-
day, Aug. 17-we destroyed considerable corn, which is in the milk, just 
fit to roast." However, the fact must be borne in mind that field corn 
was and still is used by the Indians for this purpose. Field corn is also 
widely used today for roasting ears in the South. Surely the history of 
our cultivated plants must rest upon a more secure foundation than a 
myth, yet it has been so used in a number of recent publications dealing 
with the history of sweet corn. 
Beverly (1722) 12 recites in detail the dent and flint types of maize 
found in Virginia but does not mention sweet corn. Likewise, William 
Bartram, son of the noted botanist, John Bartram, traversed the central 
and southern Atlantic coast region in 1773-75. He records minutely the 
plants observed and the food plants used by the Indians, including field 
corn and beans, but sweet corn is not mentioned. The Papago sweet corn 
mentioned by G. F. Freeman has been referred to as a historic sweet corn 
of the Papagos. Dr. R. H. Forbes, formerly Director of the Arizona State 
Agricultural Experiment Station, who accompanied Freeman on a trip 
to the reservation at the time this corn was found, advises me that the 
Papago sweet corn was grown adjacent to a field of Indian corn and was 
regarded by him and Freeman as the result of a cross with imported 
sweet corn. 
The American Ga(y"deners' Calendar, published by Barnard McMahon 
in 1806, was the first comprehensive book on American gardening. He does 
not list sweet corn, though he resided in Philadelphia, one of the early 
garden centers of America. His second edition, published in 1818, lists 
Indian corn, or field corn, for roasting ears. Field corn and beans are 
repeatedly mentioned, but nothing is said of sweet corn. 
Plymouth, Massachusetts, where Plymotheus resided, is not far from 
Boston, the home of the Massachusetts State Horticultural Society, and 
also of Hovey's Magazine; yet in the Society's premium list for 1838 an 
award is offered for "Indian corn for boiling," and 10 years later an award 
was made for "field corn" and also for "sweet corn." Grant Thorburn of 
New York, the state in which the Indians were supposed to have grown 
sweet corn, lists in his catalog of 1828 sugar or sweet corn but offered no 
10 Thwing, W. E., The Livermare family of America. Boston, W. B. Clarke Com-
pany, 1902. 
11 In the early American literature the term Indian corn was applied to field corn. 
The term is still so used in many New England localities, so we are reliably informed. 
u Beverly, Robert, The history of Virginia, in four parts ... by a native and in-
habitant of the place, 2nd ed., rev. and enl. by author, London, Printed for B. and S. 
Tooke, 1722. 
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named varieties of sweet corn. Surely in the half century intervening 
between this time and Sullivan's Expedition at least a few named sorts 
would have been introduced, for as Sturtevant states, "many varieties 
are always an evidence of antiquity of culture." In the Transactions of 
the New York State Agricultural Society, we find the first premium for 
sweet corn appear in 1843, though the society gave a great deal of attention 
to maize. 
The earliest reference to sweet corn that we have so far located is 
found in the Travel Letters of Timothy Dwight written in 1821, "Maize 
of the kind called sweet corn is the most delicious vegetable of any known 
in this country" (New Haven, Conn.). 
Tapley13 cites a reference of Bordley dated 1801 which would ante-
date the Dwight record. However, the Bordley reference we find is 1823 
in the New England Farmer, dated June 14 of that year. Apparently Tap-
ley's citation is a typographical error. The fact should be noted that these 
early references cluster around the '20's of the Nineteenth Century: 
Dwight's statement, 1821; New England Farmer, 1822; Thorburn first 
listed sugar corn, 1828. 
Certain authorities credit pre-Columbian sweet corn to both the 
United States and Mexico. On three different trips to Mexico, we visited 
a number of public markets in primitive districts, but did not find sweet 
corn in any of them. On one of these trips we visited the Maize Exposi-
tion held in the District Federal. Here we found excellent displays of 
maize from numerous states of the Republic, but we were unable to locate 
a ·single ear of sweet corn. We would not want to go on record as saying 
that sweet corn does not exist in Mexico, but it is certainly not an impor-
tant food plant there. Maize, in some form, is their principal article of 
diet. In view of this fact, we would hardly expect it to be so conspicuously 
absent, if some of our cultivated varieties originated there, as has been 
suggested. 
Dr. Richard E. Schultes of the Harvard Botanical Museum, who 
is temporarily stationed at the Instituto Botanico, Universidad Nacional, 
Colombia, informs us that sweet corn does not occur in that country, 
except in a few instances where the seed has been introduced. He also 
advises that the amylaceous type of field corn predominates. So far as 
we have been able to learn, no sweet corn mutations from this type are 
on record. 
The early history of sweet corn in the United States is beclouded 
and involves a considerable element of speculation. In attempting to 
piece together the !?Cattered fragments, we get this picture of the history 
of sweet corn. It is a mutation of field corn of post-Columbian origin. 
Mutations which met with favor among the settlers appeared in the 
New England states early in the Nineteenth Century. 
13 Tapley, W. T., W. D. Enzie, and G. P . Van Eseltine. Sweet corn. Albany, J. B. 
Lyon Company, 1934. (N. Y. Agr. Exp. Sta., Geneva. The vegetables of New York, 
v. 1, pt. III). 
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During the summer of 1940 studies were made of the numbers, sea-
sonal occurrence, and species of mosquitoes in ten Iowa cities. Light 
traps were used to sample the mosquito populations which occurred. These 
investigations represent one phase of a general survey of Iowa mosquitoes 
now being undertaken. This paper is a presentation and an analysis of 
the data taken. 
The traps used were of the vertical-suction type, Figure 1, developed 
by the New Jersey Agricultural Experiment Station as described by Mul-
hern (7) . They were operated by unpaid cooperators at Lansing, Dubu-
que, Davenport, Muscatine, Burlington, Ames, Des Moines, Council 
Bluffs, Sioux City, and Ruthven. Each trap-night represents an approxi-
mate 12-hour run per trap. Nightly catches were kept in individual paper 
boxes labeled with the proper date and locality. They were picked up at 
regular intervals, taken to the laboratory, and the mosquitoes sorted out 
and placed in smaller boxes for fumigation. Identifications and counts 
were subsequently made with the aid of a dissecting microscope. 
The writer wishes to thank Dr. W. L. Bierring and Dr. Carl Jordan 
of the Iowa Health Department and Dr. C. J. Drake of Iowa State College 
for their keen interest and active support of these investigations. For the 
operation and care of the traps I am indebted to Mr. William Albert, Lans-
ing; Dr. A. J. Entringer, Dubuque; Mr. J. L. Strelow, Davenport; Mr. 
Clayton Havemann, Muscatine; Dr. E. C. Sage, Burlington; Mr. Harry 
Stanwood, Des Moines; Mr. W. P. Bailey, Council Bluffs; Dr. W. S. Petty, 
formerly of Sioux City, and Dr. J.B. Low, formerly of Ruthven. 
A CONSIDERATION OF THE SPECIES TAKEN 
Table I shows the total number and species of mosquitoes taken in all 
the trap catches. Not all the species listed, however, are considered to be 
important as pests of man or as disease vectors. Most mosquito workers 
believe C. apicalis, 0. signifera, T. inornata, T. impatiens, and U. sap-
phirina to be unimportant because of the rarity with which they attack 
man. Clark (1), Twin (8) , and others give only questionable importance 
to C. restuans; their opinions are not shared, however, by King, Bradley, 
and McNeel (5), Matheson (6), and Dyar (2), who rate restuans among 
the important species. With the exception of the above species, all attack 
man, and their importance as pests is in proportion to numbers in which 
they occur. 
1 Journal Paper No. J-948 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 372. 
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TABLE 1 
TOTAL MOSQUITOES TAKEN IN 783 TRAP-NIGHT CATCHES AT TEN loWA LOCALITIES, 1940 
SPECIES MALES FEMALES TOTAL 
Aedes campestris D . and K ..... . . . .. .. . ... 8 3 11 
dorsalis (Meigen) .. . .... . . . .. . .. .. . 64 26 90 
dupreei (Coq.) * . ... ... .. . . . . ...... 0 1 1 
nigromaculis (Lud.) .. ......... . . . . . 69 88 157 
spenceri (Theob.) .... . .. .. . .. •..... 0 1 1 
sticticus (Meigen) .. .. ... ........ . . . 1 6 7 
triseria tus (Say) . . . . . . . . . . . . . . . . . . . 14 4 18 
trivittatus (Coq.) . . . . ... ...... . .... 132 183 315 
vexans (Meigen) .. . .... . . .. .. ... . ) . 27,162 20,684 57,836 
Anopheles punctipennis (Say) ... . . . .. . .... ·72 208 280 
quadrimaculatus Say . . .... ... . . 4 126 130 
walkeri Theob ..... .. . .. . .. . . . . 3 77 80 
Culex apicalis Adams . .... ... ... . . . . ..... 165 144 309 
erraticus D. and K .. ... .. ......... . 7 11 18 
pipiens L . .... . ... .. ... . . ..... ... . 3,653 2,066 5,719 
restuans Theob .. ... . . . . . .... ...... 805 677 1,482 
salinarius Coq . ... ...... .. . .. .... . . 2,042 3,410 5,452 
tarsalis Coq. . . . . . . . . . . . . . . . . . . . . . . 5,990 7,210 13,210 
Mansonia perturbans (Walk.) . . . ......... . 51 48 99 
Orthopodomyia signifera (Coq.) * . . . .. .. . . . 0 1 1 
Psorophora ciliata (Fabr.) .... . .. . .... . ... 2 19 21 
columbire (D. and K.) . ....... . 4 3 7 
ferox (Humbdt.) . . . ..... . . .. , . 0 1 1 
horrida (D. and K.) . . ... . . . . . . 1 2 3 
signipennis (Coq.) . .. .. .. . . ... . 5 88 93 
Theobaldia impatiens (Walk.) * ... .. . . ... . . 0 6 6 
inornata (Will.) . . ..... .. ... ... 176 243 319 
Uranotrenia sapphirina (0. S.) ... . .. .. . . . . 147 317 464 
Damaged .. ... .. ..... ... .. .. ..... .. .. .. . 920 546 1,466 
Total .... .. ... . .. .. .. ... . . . . . . ..... 41,497 46,199 87,696 
*New records for Iowa. 
The list includes several species known to be vectors of disease-pro-
ducing organisms. A. quadrimaculatus is of major importance as a vector 
of malaria, and it is believed by some workers that A. punctipennis and A. 
walkeri should not be disregarded in this connection. A. dorsalis, A. 
nigromaculis, A. triseriatus, and A. vexans can transmit experimentally 
the virus of equine encephalomyelitis; and in recent studies by Hammon 
et al. (3), the viruses of St. Louis encephalitis and western strain equine 
encephalomyelitis were isolated from C. tarsalis. 
Table 2 gives the frequencies with which various species were cap-
tured while biting and of those taken in trap catches. It is believed that 
the biting collections indicate to a fair degree the comparative importance 
of the species as pests in Iowa. Thus, A. _ vexans, A. trivittatus, and A. 
sticticus rank high in importance followed by C. tarsalis, A. nigromaculis, 
P. ciliata, C. salinarius, A. puncti.pennis, P. horrida, P. signipennis, A. tri-
seriatus, P. fe<rox, etc. In the trap catches A. vexans was again the highest 
in frequency of catch, but A. trivittatus and A. sticticus were very low, as 
were P. ciliata, P. horrid.a, and P. ferox. The Culex species were muc~ 
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FIG. 1. A mosquito trap. 
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TABLE 2 
A COMPARISON OF THE FREQ.UENCIES OF OCCURRENCE IN LIGHT-TRAP CATCHES AND BITING 
COLLECTIONS OF lowA MosQ.UITOES (FEMALES) 
LIGHT-TRAP CATCHES BITING COLLECTIONS 
TOTAL 783 TOTAL 113 
SPECIES 
Number of % of Number of % of 
Times Taken Total Times Collected Total 
Aedes aurifer . . .. . . ... ... ... . . . none .. . .... . 1 0.09 
campestris . . . . . . . ........ 3 0.4 5 4.4 
canadensis ... .. . . ........ none . . . . . . . . 1 0.09 
cinereus .. ...... . . . ...... none . . . . . . . . 2 1.7 
dorsalis ... . . ............ 18 2.2 7 6.2 
dupreei . . .. . ..... ... .... 1 0.1 none .. .. . ... 
fla vescens . . . . . . . . . . . . . . . none . .. ... . . 2 1.7 
nigromaculis .... . . . ... . . . 57 7.2 15 13.2 
spenceri .... ... . . . .. .. . . . 2 0.25 2 1.7 
sticticus ... . .. . ... ..... . . 4 0.5 26 23.0 
stimulans .. . ... .. .. ...... none ..... . . . 11 9.7 
triseria tus . . . . . . . . . . . . . . . 4 0.5 9 7.9 
trivittatus .... . ... ....... 71 9.2 45 39.8 
vexans ... . . . ..... .. .. ... 635 81.0 83 73.4 
Anopheles punctipennis . . ....... 109 13.9 11 9.7 
quadrimaculatus ... . . 75 9.5 2 1.7 
walkeri ....... . . .. . .. 34 4.3 4 3.5 
Culex apicalis . . . .............. 87 11.1 none . .. . . . .. 
erraticus . ........ .. ... .. 10 1.2 1 0.09 
pipiens . .. . ....... .. .. . . 235 30.0 5 4.4 
restuans ..... . .... ..... . 270 30.4 6 5.3 
salinarius . .. ......... . .. 509 65.0 12 10.6 
tarsalis . .. ... . . . . . . ..... 515 65.7 15 13.2 
Mansonia perturbans . . ... .. . ... 27 3.4 none .. . .. ... 
Orthopodomyia signifera . . . ..... 1 0.1 none .. . . . ... 
Psorophora ciliata ... ... . ....... 16 2.0 14 12.3 
columbia::: . .. ... . . . . . 3 0.3 none .. .. .. .. 
ferox ... . . . . ... .... 1 0.1 8 7.0 
horrida ..... . . .. . .. 2 0.25 10 8.8 
signipennis ...... . . . 50 6.3 10 8.8 
Theobaldia impatiens .... .. .... 4 0.5 none .... . . .. 
inornata ... .. . ..... 91 11.6 none . . . . . .. . 
Uranota:::nia sapphirina ... . .... . 122 15.5 none . .. . .. . . 
higher in frequency in the trap catches than in the biting collections. 
These trap catches give a fairly accurate picture of the populations of 
important species which occurred in the trap vicinities; they should not, 
however, be expected to give a picture applicable to the whole state. If 
traps had been operated in all sections of the state and in all types of 
habitats, the numbers of some important species would probably have 
been much higher. It is believed that A. trivittatus and A. sticticus are 
much more common and occur in larger numbers than is indicated in 
these trap catches. 
TRAP CATCHES IN RELATION TO HUMAN COMFORT 
Probably the most important activity of mosquito control work is that 
directed toward the elimination of larval breeding areas. This task is often 
complicated because such areas are sometimes well hidden and in out-
492 J. A. ROWE 
of-the-way places, and because certain mosquitoes fly considerable dis-
tances from their breeding grounds. However, with a thorough knowledge 
of the breeding and flight habits of the species in a given area, fairly 
accurate judgments can be made regarding their sources. Prior to about 
1927, knowledge of the compositions and densities of mosquito faunas 
were largely based on adult catches made by human collectors. It soon 
became evident that data taken in this manner were inaccurate due to 
differences in the attractiveness to mosquitoes, skill in catching, and 
diligence among the collectors. To overcome this inaccuracy the New 
Jersey Agricultural Experiment Station set out to devise a mechanical 
'trap that would catch mosquitoes in a uniform manner under all conditions. 
At least six types of traps were made over a period of eight years, each 
one an improvement over the previous one. In 1933 the Model 50 was 
completed and has been used, with perhaps minor changes, by many 
mosquito control associations since that date. 
A review of the development of mosquito traps and data regarding 
the interpretation of trap catches were published by Headlee (4) and 
Mulhern (7). It was found that most important, in the use of traps as 
sampling devices, was the proper evaluation of trap catches with regard 
to human comfort. Headlee ( 4) presented considerable data to show 
that, under New Jersey conditions, the mechanical trap caught twice as 
many mosquitoes for the same period as was caught by an expert col-
lector. Also, that a fairly accurate picture of their actual abundance could 
be derived from the trap catches. A catch of 24 females per night was 
equivalent to the same density present when 1 female could be caught 
each 15-minute period by an expert. The 24 female trap catch was con-
sidered and has been used for several years as the point of minimum den-
sity at which the average individual becomes conscious of mosquito annoy-
ance. It is obvious that such an annoyance figure might be a variable one 
according to the locality in which traps were operated. VanDerwerker 
(9) published data to show that this figure may be as low as 8 females in 
metropolitan areas having extensive control work and as high as 40 in 
areas where no control work had been done. He also pointed out that a 
catch of 5 or even 3 females of certain species might indicate annoyance 
in some situations. 
Studies are in progress to determine a trap-annoyance figure for Iowa 
conditions. A limited amount of data at hand suggests that during periods 
of increased mosquito abundance, initial complaints by the public are 
produced when trap catches are somewhat higher than 24. However, when 
general awareness to annoyance is aroused, complaints are common when 
catches are less than 24. Until sufficient data have been taken to permit 
the establishment of a definite trap-annoyance figure for Iowa, that of 24 
females per night has been adopted. 
FACTORS INFLUENCING TRAP CATCHES 
Mosquito workers in general realize that several factors greatly in-
- fluence the activity of the adults, and recognize that a close relationship 
exists between these factors and the nightly fluctuations of trap catches. 
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Headlee (4) showed that adult activity, measured by light trap catches, 
was greater in the evening hours before about 9 p. m. and again in the 
early morning hours at dawn. It is obvious that the inhibition of adult 
activity during these periods would produce lower catches in the traps. 
The general effect of certain factors upon the adult activity during the 
dusk and dawn periods is known, but the data on specific factors is some-
what limited. Headlee's studies indicated that mosquitoes fly with light 
winds but cease to fly when the velocity rises above 10 miles per hour; 
also, that high atmospheric moisture favors flight but that rain causes a 
reduction in adult activity. He stated further that temperatures lower 
than 60°F. inhibited mosquito flight. VanDerwerker (10) pointed out that 
when mosquito abundance is to be measured by trap catches, considerable 
care should be exercised in the choice of trap locatiomy- He emphasized 
the importance of placing the traps in protected spots preferably on the 
outskirts of a town, and in the proper position with regard to wind direc-
tion, to permit the interception of mosquitoes flying into a ,populated area. 
He also stressed temperature as an important factor in trap catches and 
presented data to support a theory that the annoyance figure (for Union 
County, New Jersey) appeared to vary 2 mosquitoes per Fahrenheit 
degree of temperature change, increasing with high minimum and de-
creasing with lower minimum temperatures. 
It is evident that the correct interpretation and evaluation of the trap 
catch, as an index to mosquito density can be made only when all the 
factors existing in the trap area and influencing the catch are known. 
During these studies an effort was made to place the traps in protected 
places as dose to residential areas as possible. Descriptions of these areas 
are included under the trap discussions. Funds were not available, how-
ever, to permit detailed studies of mosquito breeding or the recording of 
climatological data at the site of the traps. Most of the trap areas were 
visited twice each month for a general check on the larval breeding oc-
curring within an area of about 5 miles of the traps. No inspections, how-
ever, were made of the islands lying in the Mississippi River, and un-
doubtedly mosquitoes produced on these entered the traps operated in 
the eastern cities. Climatological data used in the discussions of seasonal 
occurrence included herein were taken from the U. S. Weather Reports 
for each trap locality except as otherwise stated. In view of the limited 
amount of data at hand on the factors which influenced these trap catches, 
no attempt has been made to definitely account for the nightly fluctuations 
of the catches. The seasonal records are intended to be of a general 
informative nature rather than a critical analysis of the factors which 
produced the catch fluctuations. 
TRAP RECORDS FROM LANSING, 1940 
Lansing, Iowa, is a small town of about 1,300 people in the northeastern 
part of the state. It is situated on the west bank of the Mississippi River 
in the mouth of a narrow valley which extends westward. The country 
northwest, west, and south of the town is very hilly and wooded; that to 
TABLE 3 
TRAP REcoRDS FOR LANSING, lowA. 1940 (FEMALES) 
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June .. . ... 2 . . . . . . . . . ... 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . ... 2 1 0 100 0 0 10 
July ....... 28 . . . 2 3 2 328 .... 2 . . . . 11 1 3 70 25 1 2 . . . . ... 450 16 6 74 0.5 24 99 
Aug ....... 24 1 . . . ... 4 1,895 10 13 5 5 3 10 110 38 . . . 5 1 1 2,101 88 8 90 1 8 99 
Sept .... ... 23 . . . . . . ... 3 482 4 25 5 1 2 9 38 8 1 3 . . . 1 582 25 6 83 6 10 99 
0 
-- - - - - --- ------ ---------- - - - - -- -------------
Total. .. . 77 1 2 3 9 2,707 14 40 10 17 6 22 218 71 2 10 1 2 3,135 41 20 87 2 11 99 
- - - - --- ------ ---------- - -- - -- ---------------
Total males .... 1 . .. 1 8 2,083 11 . . . . . . . . 17 79 38 133 41 . . . 18 1 10 2,441 32 . ... 86 0.5 13 . .. . 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
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the north is largely marshes, lakes, and bayous in the river bottoms; and 
to the east and southeast is the river with numerous wooded islands. The 
trap was placed under a row of tall trees near the shore of the river a 
short distance from the boat houses of the Iowa Conservation Commission. 
Little or no shrubbery or tall plant growth was near the trap, but the 
trees and buildings gave some protection from wind. No survey for larvae 
breeding was made, but from their general appearances the areas north-
east and southeast of the trap were believed to be the ones most likely to 
produce mosquitoes. 
The mosquitoes caught during 77 trap-nights are shown on Table 3. 
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FIG. 2. Trap records, precipitation, and temperatures for Lansing, Iowa, 1940. 
Mosquito catches are averaged for 5-day periods, precipitation are totals for the same 
periods, and temperatures are daily means. 
A. vexans was by far the most common species, C. salinarius was second, 
and A. quadrimaculatus, third. The average nightly catch was more than 
3 times as high in August as in July or September; that for the entire 
season was 41. Of the total number taken 87 per cent were Aedes, 11 per 
cent Culex, and 2 per cent Anopheles. Species which habitually bite man 
made up 99 per cent of the total catch and on 20 out of 77 nights, or 24 per 
cent, 24 or more females were taken. 
The seasonal record is shown on Figure 2. Two periods of increased 
mosquito abundance were recorded, August 9 to 14 and September 8 to 13. 
Both of these were due to A. vexans. The first peak followed a precipita-
tion period from July 26 to August 4 and the second followed heavy rains 
on August 25 to 28. Conditions were favorable for flight during the Aug-
ust peak when fairly high temperatures prevailed (Decorah records) and 
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May ........... 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .... . ..... . .. .. . . . . . . . . . ... . ... . . . . 
June ........... 19 1 ... 1,109 1 1 1 14 . .. 156 17 340 411 4 21 34 2,110 111 14 53 0.1 44 98 
July ............ 18 .. . 5 290 3 16 1 25 1 329 43 517 464 2 111 197 2,004 111 16 15 1 69 93 
Aug . . .......... 2 ... . . . 22 . . . 3 . .. 1 1 58 2 29 15 . .. 23 24 178 89 2 12 2 60 87 
Sept .... ..... . .. 7 . . . ... 73 2 6 . . . . . . . . .. 55 5 20 4 1 1 1 168 24 2 43 5 44 99 
-- - - --- - -- - -- - -------- - ---- --- ------- -
----
Total. . .. .... .. 49 1 5 1,494 6 26 2 40 2 598 67 906 894 7 156 256 4,460 91 34 34 1 56 95 
-- - - --- - -- - -- - --
--
---- - ---- -----
- - ----- - --
Total males . .... . . . . . . . 1 365 4 . ... . . . 43 5 700 32 351 335 . .. 88 377 2,301 47 . . . . 16 0.2 64 .. .. 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
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the rains were scattered. During the September peak, however, the 
temperatures were very low; the minimums being below 40°F. from Sep-
tember 10 to 13. The prevailing direction of wind for June, July, and 
September was southwest, or in an unfavorable direction with regards to 
the probable breeding area. In August it was from the southeast or in a 
favorable direction. 
TRAP RECORDS FROM DUBUQUE, 1940 
The trap was located in the eastern part of the city (near the junction 
of 4th and Pine Streets) in a commercial area situated on the bottom lands 
bordering the Mississippi River. The site of the trap was a vacant lot 
choked with tall weeds and shrubs; several trees were also present a dis-
tance of about 100 feet away. The main business district was about a 
quarter mile west of the trap, the eastern residential district, 1 to 3 miles 
north, and the western residential district, on wooded bluffs overlooking 
the river, was 1 to 3 miles west. Numerous ponds of various sizes were 
scattered throughout the area in the vicinity of the trap, most of which 
supported dense growths of aquatic floating plants and were bordered by 
cattails, willows, and other shrubs. Some of the ponds were used for 
dumping areas. 
Table 4 shows the composition and numbers of females taken on 49 
trap-nights. Motor trouble prevented the successful operation of the trap 
during August, and it was run only 2 nights. An average nightly catch of 
111 was about the same for June and July; for the entire period it was 91. 
On 34 nights, or 64 per cent of the total, 24 or more females were taken. 
More A. vexans were taken than any other species, but only 34 per cent 
of the total were Aedes, while 56 per cent were Culex. It appears that 
much of the annoyance at Dubuque is due to Culex species breeding in 
the ponds in the eastern part of the city. There is no doubt that control 
measures applied to these ponds would relieve much of the annoyance. 
Not only could the Culex breeding be stopped but also the considerable 
Aedes breeding which occurs around their edges could be reduced. 
Figure 3 shows the seasonal record of female catches, together with 
precipitation and mean daily temperatures. Four periods of increased 
mosquito activity are evident. The first period, June 5 to 10, was largely 
due to an A. vexans flight which occurred on June 6 and 7, following a 
period of precipitation in the latter part of May (not shown). This was 
the only period during which the bulk of the catches were Aedes. The 
later peaks of activity, June 25 to 30, July 5 to 10, and July 30 to August 4, 
were caused by the increased breeding of Culex. It is interesting to note 
that periods of increased mosquito activity were generally those of higher 
mean temperatures. Considerable rain fell in the periods of June 20 to 25 
and July 25 to 30, which probably interfered with adult mosquito activity. 
TRAP RECORDS FROM DAVENPORT, 1940 
Davenport is one of the largest commercial and industrial cities of 
Iowa with a population of about 66,000. It is located on the northern 
TABLE 5 
TRAP RECORDS FOR DAVENPORT, loWA. 1940 (FEMALES) 
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- ----------- - - - - -- ---------------
May . . .. .. 3 . . . . . . . . 9 . . . . . . . . . . . . . . . . . . . . . 6 5 1 . . . . . . . . . . .... 21 7 0 43 0 57 100 
June ...... 27 2 . . 1 1 1,488 3 . . . . . . . . . . . 32 36 262 125 1 .. 1 4 20 1,976 73 19 76 0.2 23 99 
July ....... 27 6 1 .. 2 3,131 4 5 1 19 3 312 51 495 1,050 11 . . 1 38 70 5,200 193 25 60 0.2 37 99 
Aug ....... 27 . . . . . . . . 331 5 1 . . . . .. 1 496 7 201 55 3 . . . . 16 91 1,207 45 16 27 0.5 63 99 
Sept ....... 6 . . . . . . . . 205 8 1 1 . . . . . 121 7 53 8 ... 1 . . 2 18 425 71 6 48 2 44 99 
-- - - - - --- -- -
,_ 
- - ----------- - -
-
- -- ---------------
Total. .. ... 90 8 1 1 3 5,164 20 7 2 19 4 961 107 1,016 1,239 15 1 2 60 199 8,829 98 66 59 0.3 38 99 
-- - - - - - --
--
-
,_ 
- - ----------- - - - - -- ---------------
Total males . . . . . . . . . . . . 2,403 5 1 
.. ·1110 . . 1,078 61 626 2,443 3 1 3 16 423 7,073 79 .... 34 0.1 60 . ... 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
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banks of the Mississippi River, about midway between the north and 
south borders of the state. The city is situated on the bottom land adjacent 
to the river and on the bluffs to the north; the western section is partly 
industrial and partly residential. The trap was located in this area at the 
city sewage disposal plant; its site was that of a small well-kept garden 
of flowers and shrubs. South of the trap, a distance of about 200 feet, was 
the willow-lined flood plain of the river; southwest about 1.5 miles, was a 
large, flat, wooded island which has been made into a city park. Extend-
ing west of the trap was a low, vacant area and to the north, an industrial 
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FIG. 3. Trap records, precipitation, and temperatures for Dubuque, low~, 1940. 
Mosquito catches are averaged for 5-day periods, precipitation are totals for the same 
J?eriods, and temperatures are daily means. 
and residential district. Considerable Culex and Anopheles breeding 
occurred in a large pond a short distance north of the trap, and in the 
bayous along the river. Concentrated Aedes breeding was found, during 
certain periods, on the island and in the vacant district west of the trap. 
Table 5 shows the composition and numbers of females taken on 90 
nights of trap operation. The bulk of the total catch was A . vexans; C. 
tarsalis and C. salinarius also were taken in considerable numbers. Of the 
total catch 59 per cent were Aedes, 39 per cent Culex, and Anopheles com-
prised only 0.3 per cent. Probably the most interesting feature of the catch 
record was that on 73 per cent of total trap-nights, 24 or more females were 
taken; all of these were species which habitually attack man. 
The seasonal occurrence of mosquitoes recorded by the Davenport 
trap for 90 nights of operation between May 31 and September 8 is shown 
in Figure 4. During this time two periods of increased abundance occurred. 
The first, which began about June 22 and reached a peak on July 8, was 
500 J. A. ROWE 
largely due to A. vexans produced by two precipitation periods, which 
occurred between June 11 and June 23. The 15-day period preceding this 
peak was favorable to mosquito flight. The second period began July 20 
with a peak on July 27. It was also caused by A. vexans following a precipi-
tation of about 1 inch on July 11. During the last 2 days (July 26 to 27) 
of this period, however, considerable rain fell which probably interfered 
with the adult activity. The periods of extensive rainfall during August 
undoubtedly produced another peak of abundance in September, as was 
the case in some of the other traps (Ames and Des Moines). This is sug-
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FIG. 4. Trap records, precipitation, and temperatures for Davenport, Iowa, 1940. 
Mosquito catches are averaged for 5-day periods, precipitation are totals for the same 
periods, and temperatures are daily means. 
gested in the rise between September 3 and 8. Southwest winds during 
July, August, and September favored the flight of Aedes from their 
breeding areas toward the city. 
TRAP RECORDS FROM MUSCATINE, 1940 
Muscatine, Iowa, has a population of 18,000 and is located on the 
Mississippi River about 30 miles west of Davenport. The main residential 
and business districts are situated on the sides of the bluffs overlooking 
the river. Near the southwest part of the city the river bends southward 
away from the bluffs producing a rather broad flat valley; the southwest 
residential district extends into this valley for some distance. The trap 
was located in this residential district at the home of Clayton Havemann, 
1020 Nebraska Street. It was situated in a garden containing the usual 
flowers, shrubs, trees, etc. The known mosquito breeding areas which 
were expected to influence the catches were located west and southwest of 
the trap within a radius of 3 miles. These were mainly intermittent marshy 
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areas bordering the Muscatine Slough, and occupying low swails which 
marked previous stream channels. In the river about a half mile east of 
the trap was a sizable island (Towhead Island) which was not examined 
for mosquito breeding. The area south of the trap was largely agricultural 
and industrial and contained no important breeding areas. 
Table 6 is a summary of the trap catches for 86 trap-nights. A. vexans 
was the dominant species, and of the total trap catch, 66 per cent were 
Aedes, 30 per cent Culex, and only 2 per cent Anopheles. The average 
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FIG. 5. Trap records, precipitation, and temperature for Muscatine, Iowa, 1940. 
Mosquito catches are averaged for 5-day periods, precipitation are totals for the same 
periods, and temperatures are daily means. 
nightly catch was only 30 females, and on 50 per cent of the nights 24 or 
more were taken. M. perturbans were taken in larger numbers in this 
trap than in any other. The record of 0. signifera is new and the only one 
from the state. 
The trap catches for the 86 days of operation, between May 27 and 
August 30, were rather small. Figure 5 shows that no periods of unusual 
mosquito abundance were recorded. The low peaks of June 30 and July 
10 were largely due to A. vexans, which were produced by precipitation 
on June 11 to 12, and 18. The lower average catch for the 5 days ending 
July 5 is partially explained by the lower temperatures of July 2, 3, and 4, 
the minimums of which were 54°, 56°, and 59° F., respectively. On 
August 31 the motor of this trap burned out and could not be replaced. 
It is known from field studies, however, that perhaps the largest peak of 
abundance occurred in September, following the heavy rains of August. 
The prevailing winds in June, July, and September were from the south 
and in August from the east. These directions were unfavorable for flights 
into the city from the western breeding areas. 
TABLE 6 
TRAP RECORDS FOR MUSCATINE, lowA. 1940 (FEMALES) 
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May .. .. .... 5 . . . .... 8 . . . . . . . . 2 . . . . . . 1 1 1 . . . . . . . . . . 1 . . . . . 14 3 0 57 14 21 93 
June .. .... .. 27 . . . . ... 469 10 7 2 5 . . 26 63 55 12 23 . . 5 1 2 680 25 9 69 3 24 98 
July .... ..... 29 1 . . . . 826 7 8 1 4 . . 157 84 116 21 5 1 ... 10 . . 1,241 43 22 67 1 31 99 
Aug ... ...... 25 2 13 373 4 11 . . . 1 3 163 21 45 5 .... . . 1 5 . . 647 26 12 60 2 37 99 
-- - ----- ---- - --
-
---
----
-- -- - - - - ---------------
Total. .. ... . . 86 3 13 1,676 21 26 5 10 3 347 169 217 38 28 1 7 16 2 2,582 30 43 66 2 30 99 
-- - --- -- - - -- - -- - --------- --- - -
-
--- ------------
Total males .. . . . . 1 5 1,340 36 3 1 15 1 1,597 286 454 42 48 . . 14 3 6 3,852 45 . . .. 35 1 62 .... 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
TABLE 7 
TRAP RECORDS FOR BURLINGTON, lowA. 1940 (FEMALES) 
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June . .. ...... ... 13 1 .... 160 6 3 7 31 33 5 2 1 3 4 256 20 5 63 4 30 98 
July . .. . .... .... 6 . . . . . . . . 125 1 4 10 6 23 .... 1 . ... . . . . 1 171 29 2 73 3 23 100 
-- ----- -- ---- -------- -------- - - - ------- ----
Total ........... 19 1 .. .. 285 7 7 17 37 56 5 3 1 3 5 427 23 7 67 3 27 99 
-- ------- ---- -------- -------- ---------- - - --
Total males .. .... . . . . . . . . . 1 99 . . . . . . . . . . 11 44 14 4 . . . . . . . . . . . . 2 175 9 . .. . 57 . .. 42 . ... . 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
TABLE 8 
TRAP RECORDS FOR A~rns, lowA. 1940 (FEMALES) 
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May ........ 11 . . . . . . . . . . . . . . . . . . ... . . . . . . ... . . . . . ... . . . . 6 . . . . . 1 . . . 1 8 0.7 0 0 0 75 86 
June ...... . . 26 . . . . . . . . .. 157 . . . . . . .. . . 2 4 6 18 42 1 4 6 . . . 1 241 9 1 65 0 30 97 
July .. ..... .. 22 . . 10 . . . . . 73 3 ..... 1 2 1 20 70 . . 6 . . . . .. 5 191 9 0 43 2 49 99 
Aug . .. . ..... 30 . . 9 . . 17 494 16 . .... 1 5 15 42 198 4 16 1 11 ... 829 28 12 63 2 32 99 
Sept ......... 25 . . 19 .. 36 3,808 31 1 2 5 25 97 311 2 10 11 6 8 4,372 175 21 88 1 10 99 
Oct .. . .... .. 10 . . 1 . . . . . 125 7 . . . . . . ... 5 2 65 42 . . . . . 18 ... . .. 265 27 4 48 3 43 93 
-- - - - - --- ---- ----------- - - - - - ------ ------
----
Total. ..... .. 124 . . 39 .. 53 4,657 57 1 6 21 49 242 669 7 36 37 17 15 5,906 48 38 80 1 17 99 
-- - - - - --- ---- ----------- - - - - - ----------- -
----
Total males .. . . . . 1 19 2 77 4,829 8 . . . . . 12 86 54 246 1,237 . . 1 36 5 61 6,674 54 . . . . 74 0.1 24 .... 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
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TRAP RECORDS FROM BURLINGTON, 1940 
Burlington is a city of about 26,000 people located in southeastern 
Iowa about 45 miles from the southern border of the state. It is situated 
on the wooded bluffs overlooking the Mississippi River. South of the city 
the river valley is comparatively narrow, but to the north it widens to 
include fl.at agricultural bottom lands. Numerous wooded islands occur in 
the river within a radius of 5 to 10 miles north of the city. The trap was 
located in a residential district in the northern part of the town and was 
situated on the edge of the bluff among dense shrubbery and trees. The 
breeding areas which produce most of the mosquitoes affecting this city 
are in the valley and on the islands in the river. 
The trap was operated for only 19 days, 13 of which were in June 
and 6 in July. Such a limited number of trap-nights are insufficient to 
show a seasonal record or an adequate account of the numbers and species 
which occurred. The trap records for the 19 nights, however, are in-
cluded in Table 7. 
TRAP RECORDS FROM AMES, 1940 
Ames has a population of about 12,000 and is located near the center 
of the state. It is surrounded by gently rolling farm land and winding 
creeks. About a mile to the east is the Skunk River, and through the city 
toward the southeast runs Squaw Creek. Several smaller creeks fl.owing 
eastward enter Squaw Creek near the city. The banks of these are wooded 
and numerous low areas occur along their beds which become flooded 
during heavy rains. Other low areas are present in which rain water 
stands for considerable periods, but most of the mosquito breeding occurs 
on low areas flooded by the creeks. The trap was situated in the north-
west part of the city on the campus of Iowa State College. It was within 
1 mile of Squaw Creek, Clear Creek, and College Creek, and within 3 
miles of Onion Creek and the Skunk River. 
A summary of the catches taken on 124 trap-nights is given in Table 8. 
About 80 per cent of the entire catch were Aedes, of which 79 per cent 
were A. vexans, 17 per cent were Culex, and only 1 per cent Anopheles. 
The average nightly catch was 48 females, and on 30 per cent of the nights 
24 or more were taken. 
The seasonal record of catches between May 6 and September 28 is 
given on Figure 6. Four periods of rainfall are shown, but only one period 
of increased mosquito abundance was recorded. The precipitation peaks 
shown for May 21 and June 25 were due to short, heavy rains which fell 
on May 18 and on June 22 and 23. The peak on June 30 represents a 4-
day rain and those from August 14 to 24, accumulations over a 15-day 
period. It is probable that the precipitation periods of both July and 
August were responsible for the increased mosquito period, which began 
about August 25 and reached a peak on September 17. Conditions were 
favorable for adult activity during this period except on September 10, 
11, 12, and from the 25 to 28 when the mean temperatures fell below 
60° F. 
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Frc. 6 Trap records, precipitation, and temperature for Ames, Iowa, 1940. Mosquito catches are 
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TRAP RECORDS FROM DES MOINES, 1940 
Des Moines, the capital city of Iowa, with a population of about 
160,000, is located in the south central part of the state. It is situated at 
the junction of the Des Moines and Raccoon Rivers, part of the city being 
in the river valleys and part on the rolling wooded hills to the south and 
west. The trap was located in the north central residential district near 
Union Park, in a shaded garden containing numerous shrubs, trees, and 
flowers. The Capitol grounds and main business district were within a 2-
mile radius, the State Fair grounds within a 3-mile radius, and Greenwood 
Park within a 4-mile radius of the trap. Aside from small rain pools, the 
heaviest breeding areas were along the Des Moines and Raccoon Rivers in 
northwest, southeast, and southern directions from Union Park. 
The trap catches for 103 trap nights are summarized in Table 9. A. 
vexans were quite abundant in June, July, and August, and considerably 
so in September; A. trivittatus was caught fairly often in August and Sep-
tember. The record of A. dupreei is new and the only one from the state. 
Aedes made up 90 per cent of the total catch, Culex 8 per cent, and 
Anopheles 1 per cent. The average nightly catch was 100 females, and on 
73 per cent of the nights 24 or more were taken. 
The seasonal record of catches from May 30 to September 8 is shown 
in Figure 7. There were six principal periods of precipitation. The peak 
of May 21 represents a rather heavy 1-day rain, that of June 25, small 
rains over a period of 3 days, and that of July 10 to 15, two rains of one 
day each. The July 30 peak is for a 5-day rainy period, that of August 14, 
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TRAP RECORDS FOR DES MOINES, lowA. 1940 (FEMALES) 
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a 6-day rain, and that of August 24 to 29, a 4-day rain. Two periods of 
increased mosquito abundance are shown, both of which were largely 
A. vexans. The first, represented by a short peak on June 30, began about 
June 20 and lasted until July 7 with the largest catch on June 29. It was 
started by the rains which began on June 21. The second one, much 
longer and of greater density than the first, started about August 12 and 
was at its peak on about September 8. During the first part of this period, 
August 12 to 24, adult activity was restrained by heavy rains and lower 
temperatures (minimums from August 18 to 24 below 60° F.). The lower 
catch average for the 5-day period ending September 3 can partially be 
explained by the lower temperatures of August 30 to September 2 (mini-
mums below 60° F.). 
TRAP RECORDS FROM COUNCIL BLUFFS, 1940 
Council Bluffs, a city of 43,000 people, is in the southwestern section 
of Iowa in the flat valley of the Missouri River. The valley in this vicinity 
varies in width from 4 to 8 miles and is largely drained agricultural land. 
Dense tree growths, so characteristic of river valleys in the eastern part ot 
the state, do not occur. The trap was located near the western residential 
district and park area at the river pumping station of the city waterworks 
department. It was situated in a well-kept garden of lawns, shrubs, and 
hedges. With respect to the trap, various parts of the city were located as 
follows: Dodge Park, 1 mile south; Lakeview Park, 2 miles northeast; 
main business district, 3 miles east; Fairmount Park, 3.5 miles southeast; 
Lake Manawa, 5 miles southeast; and the Carr's Lake-Mosquito Creek 
area, 8 miles southeast. Considerable Culex breeding occurred through-
out most of the season in Big Lake (Lakeview Park) and in Carr's Lake. 
Aedes breeding was quite heavy in the Carr's Lake-Mosquito Creek area 
in June. 
Table 10 shows the total catch for 99 trap-nights. The mosquito 
density was evidently very low throughout the entire period. C. tarsalis 
and A. vexans made up the bulk of the catches, being taken in about equal 
numbers. Culex, however, comprised 66 per cent of the total catch, Aedes, 
30 per cent, and Anopheles, 1 per cent. The average nightly catch was 
only 7 females, and on only 2 nights did they exceed 24. 
Seasonal records, Figure 8, show no 5-day periods for which the 
average catch was greater than 15 females. The low catches for the season 
up to July 25 are explained by the nature of the rainfall which was scat-
tered and did not exceed 0.6 inches for any one day. The rains in late 
July and August did not occur over periods longer than 3 consecutive days 
and were, with the exception of August 11 and 25, less than 0.65 inches 
for any one day. This may partially account for the low catches in 
August. 
TRAP RECORDS FROM SIOUX CITY, 1940 
Sioux City is located on the banks of the Missouri River in the west 
central part of Iowa. It is a city of about 82,000 people, situated at the 
junction of the Floyd and Missouri River valleys. The eastern and western 
TABLE 10 
TRAP REcoRos FOR CouNCIL BLUFFS, IowA. 1940 (FEMALES) 
AEDES ANOPHELES Cu LEX OTHERS :>< ...l 
:i: ...l 
u < 
.. 
,.. ::i 
< < ...l ,.. 
~ 
* 
0 o+- iii E-< 
.!J 
"' 
0-.r 
., 
< ., 
., 
* 
:>< .i 
~o .!J ·a '1 "' 
'1 
...l <nN ...l ::c: z 
"3 '1 ·;::: ,.. ,.. 0 ~ :i: < :i: .i u ., '1 ., 8. ~ :.a -0 :i: :i: .i ., >< u ::!! 8~ "' 
::s .., 
* 
., ::s '1 .., 0 .i .. .i .... -~ ::s iS 0.. 80 s: :::> e $3 ., ., ., ·;::: ~ ·a ... bO z 0 0 ...l ~ z~ '1 :..::= u '1 
"' 
0 0.. 
"' 
...l z .i 1;l z :::> ~::c: 0 -~ u "' ·~ .., "' "' bO .s "' s < .i < 0 • .i t:o "' -~ B '1 ·;; ., >< '1 ·a ~ ,.. :> •U ~l ?> 0 .. ... :J ;; "' 0 0 >< zo ·a ·s .., ::s 0.. .... ·a 
"' 
p.; ~ ;:5 0 E-< < z~ ~ ~ ~ > 0.. 
"' 
.., 
.... 
., 
.... lll 
- - - - - - - -------- - -- - -- ------------- 0 
May .............. 13 . . . . . . . 20 . . . . . . . . . . . . . . . . . . . . . 8 1 6 . .. 7 ... . ... 42 3 0 48 0 36 73 ~ June .............. 27 2 1 45 3 4 . . . 1 27 32 70 . . . . . . . . . . 1 186 7 0 26 2 72 98 
July .............. 29 4 . . . 77 1 1 2 5 17 44 81 . .. . . . . . . . . ... 232 8 1 35 0.4 65 99 
Aug . ........ ...... 29 4 . .. 60 3 1 . .. 46 18 22 78 7 . . .. . . . 11 250 9 1 26 1 66 99 
Sept ....... . ...... 1 . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 1 3 . ... 3 . .. 1 . . . . ... 8 8 0 0 0 88 88 
-- -- - -- - - -------- - -- - -- ---------------
Total. . .... .. ..... 99 10 1 202 7 6 2 53 73 99 238 7 8 . . . 12 718 7 2 30 1 66 98 
-- -----1-----1----------- ------- ---------------
Total males. . . . . . . . . . . . . . . . . . 626 ... ... 73 86 48 200 2 13 2 6 1,056 11 . . . . 59 . . . . 39 .. .. 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
TABLE 11 
TRAP Rl!coRDS FOR S10ux Crrv, lowA. 1940 (FEMALES) 
AEDES ANOPHELES Cu LEX OTHERS 
I>. 
< I>: 
E-< 
"' 
.~ 
* ., :; .~ c:: ~ .. Q c:: c:: :i: "1 <.> "' c:: "' s 8. "O C> .. 
"' 
;:! ·~ * "' ;:! E ., "' ~ "' c:: ·c: ·a bO z~ e ;:! "' := :2 "' 0 <.> :: c::
"' "' "' 
:= bO 0 8 ·;:: 
"' 
<.> E c:: ~ ·o .s • "1 lib ·;;: c:: 
·a ·;; 0 I>. <.> >< .. := "' zo ·a ·;:: ·c: ., ;:! ., ~ s p.; p.; ~ Cl 
"' 
.. > Q.. 
"' 
.. 
-------- -------- --------
May . . ...... .. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . 2 1 . . . . . . . . . ... . .. . 
June ...... .... 14 6 . . . . 7 26 . . . . . . . . . . . 1 4 30 64 .... 15 3 2 
July . ..... . . ... 8 7 1 8 93 . . . . . . . . . . . .... 1 16 14 . . . . 9 . .. . 28 
Aug ...... . .... 27 1 .... . . . . 74 1 . . . . 2 14 11 1 20 . ... . . .. 
-- -------- -------- --------
Total ......... 51 14 1 15 193 1 1 7 62 90 1 44 3 30 
-- -------- -------- --------
Total males .. .. . . . . . 9 11 . ... 190 . . . . . . . . . . . . . . . . . . . 6 11 . ... 2 . .. . 1 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
:i: 
0 
.. J < 0 o_ 
;.. o'<t' 
.I ~N 
.. 
:i: :i: Q ., 
C> C> "1 "1 
... Q Q 
.I z < z "1 ~ "1 .. • 0 
0 ~ 0 >< E-< Zi:.:i ~ 
---------
3 1 0 0 
158 11 1 25 
177 22 5 62 
124 5 0 60 
--- ----- -
462 9 6 48 
---------
230 5 . . . . 91 
., 
"1 
.I 
~ >< I>. "1 0 .I 
~ ::> 0 
~ ~ 
----
0 100 
0 63 
0 18 
1 22 
----
0.3 35 
----
0 7 
;.. 
.I 
.I 
< 
::> 
!:: 
Ill 
i~ 
:i: < 
0 :ll !il ::> ~~ 
~~ 
--
100 
97 
100 
100 
--
99 
--
. .... 
c.n 
.... 
.... 
512 J. A. ROWE 
residential districts are on the bluffs overlooking the river. About 3 miles 
west of the main business district and situated in the narrow Big Sioux 
River valley is a large wooded park and playground area, which is main-
tained by the city. The trap was operated in this park. Several small areas 
in the park and on the fair grounds south of the park become flooded 
during rainy periods and serve as Aedes breeding places. 
The catches for 51 trap-nights are summarized in Table 11. These 
nights were scattered over a period of more than 3 months and are, there-
fore, considered inadequate to express the numbers or seasonal occur-
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FIG. 8. Trap records, precipitation, and temperatures for Council Bluffs, Iowa, 1940. 
Mosquito catches are averaged for 5-day periods, precipitation are totals for the same 
periods, and temperatures are daily means. 
rence of mosquitoes which may have occurred in the vicinity. For the 51 
nights of operation the average nightly catch was 9 females and on only 12 
per cent of the nights, 24 or more were taken. Aedes made up 48 per cent 
of the total catch, Culex, 35 per cent, and Anopheles, 0.3 per cent. 
TRAP RECORDS FROM RUTHVEN, 1940 
Ruthven is a rural community of about 900 people located in north-
west Iowa. It is surrounded by flat to somewhat undulating farm land. 
Several small lakes lying within a radius of 10 miles are situated south 
and northwest of the town. About 5 miles northwest of town, Lost Island 
Lake, Mud Lake, Round Lake, and Trumbull Lake serve as fishing and 
hunting grounds for many sportsmen; numerous summer cottages are 
used by vacationists from many parts of Iowa. In general, this trap area 
is typical of the Iowa lake region in Dickinson, Emmet, Clay, and Palo Alto 
Counties. Most of the lakes are shallow, and the permanent or intermit-
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tent marshes lying between them cover many acres. The trap was situ-
ated on the west shore of Lost Island Lake about 4 miles northwest of 
Ruthven. Extensive mosquito breeding areas were on all sides and within 
a 5-mile radius. 
The summary of trap catches for 85 nights is given in Table 12. The 
predominant species was A. vexans, but numerous C. tarsalis were also 
taken. The record of T. impatiens is the only one from the state. Aedes 
made up 55 per cent of the total catch, Culex, 43 per cent, and Anopheles 
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FIG. 9. Trap records, precipitation, and temperatures for Ruthven, Iowa, 1940. 
Mosquito catches are averaged for 5-day periods, precipitation are totals for the same 
periods, and temperatures are daily means. 
(chiefly walkeri), about 1 per cent. The average nightly catch was 110, 
and on 47 per cent of the nights 24 or more females were taken. 
Figure 9 shows that most of the rainfall for this area (precipitation 
and temperature records are for Spencer, Iowa) occurred between June 
4 and July 29, with heaviest rains on June 4, 21, and 23, and July 29. Those 
of May and August were small and scattered. There was a general period 
of increased mosquito abundance from June 12 to July 23, with prominent 
peaks on June 16, July 8, and July 20. These were due to A. vexans and 
C. tarsalis. During the peak periods conditions were generally favorable 
for flight, and during those between peak catches rain and lower tem-
peratures occurred. 
SUMMARY 
The New Jersey mosquito trap was used during the breeding season 
of 1940 to sample the composition and density of female mosquitoes in 
ten Iowa cities. Table 13 is a summary of the trap records taken during 
these investigations. 
TABLE 12 
TRAP RECORDS FOR RUTHVEN, lowA. 1940 (FEMALES) 
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tNot including species marked with asterisk. 
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SUMMARY OF TRAP RECORDS FOR 10 lowA CITIES, 1940 
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Lansing . .. . . . ... .... . .. 77 1 . . . . . . . . . . . . . . . . . . .. 2 . . . 10 2 3,135 41 20 87 2 11 99 
Muscatine ... ... .. . . . ... 86 . . . . . . . . .. . . . . . . . 28 1 7 . .. 16 2 2,582 30 43 66 2 30 99 
Ruthven ..... .. ... . .... 85 . . . . ... . . . . . . 1 2 . . . 168 6 9 . . . . .. 9,309 110 40 55 1 43 99 
Sioux City . ... . .... . ... 51 1 . . . ... . . . 44 . . . . . .. 3 . .. . ... . . 30 462 9 6 48 0.3 35 99 
-- -- - - - -- -- - --- - ------ --- - -
-- - - - -
Total. ..... .. .... . . .. . . 783 19 3 1 2 88 48 1 243 6 317 546 46,199 59 331 67 1 29 98 
- - -- - - - - - - - - - -- - - - - --- ------ -
----
Total males .... .. .. .. . . .... . 2 4 . . . 1 5 51 . . . 176 . .. 147 920 41,497 53 . .. . . . 66 0.2 31 . . ... 
*Species which rarely bite humans. 
tNot including species marked with asterisk. 
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Of the total females taken in the traps, 67 per cent were Aedes, 99 per 
cent of these being A. vexans; 29 per cent were Culex and about 1 per cent 
were Anopheles. With the exception of two traps, Council Bluffs and 
Dubuque, catches of Aedes were higher than those of Culex. 
Average nightly catches ranged from 7 at Council Bluffs to 110 at 
Ruthven. These catches were considerably higher for the traps along 
the Mississippi River than for those along the Missouri River. 
The percentages of trap nights during which 24 females were taken 
are given as follows: Davenport, 73; Des Moines, 73; Dubuque, 64; 
Muscatine, 50; Ruthven, 47; Burlington, 37; Ames, 30; Lansing, 24; Sioux 
City, 12; and Council Bluffs, 2. 
The data on seasonal occurrence indicate that periods of increased 
mosquito abundance follow within 10 to 20 days after periods of increased 
precipitation. Higher populations occurred following prolonged periods 
of heavy rains. 
The mean temperatures were relatively high on nights when the 
larger catches were taken, and during periods of increased abundance; 
the smaller catches were generally on nights with lower means. 
LITERATURE CITED 
1. CLARK, J. LYELL 
1940. Does Cu.lex territans (Walker) bite Homo sapiens (Linnaeus)? Proc. of 
the Twenty-seventh Annual Meeting of the New Jersey Mosquito Extermina-
tion Association. New Brunswick, N. J. 127-38. 
2. DYAR, HARRISON G. 
1928. The mosquitoes. of the Americas. Carnegie Institute, Washington, D. C. 
3. HAMMON, WILLIAM M., WILLIAM C. REEVES, BERNARD BROOKMAN, AND ERNEST M. lzUMI 
1941. Isolation of the viruses of western equine and St. Louis encephalitis 
from Culex tarsalis mosquitoes. Science 94: new series, No. 2440, 328. 
4. HEADLEE, THOMAS J. 
1932. The development of mechanical equipment for sampling the mosquito 
fauna and some results of its use. Proc. of the Nineteenth Annual Meeting of 
the New Jersey Mosquito Extermination Association. New Brunswick, N. ·J. 
106-26. 
5. KING, w. v., G. H. BRADLEY, AND T. E. MCNEEL 
1929. The mosquitoes of the southeastern states. U. S. Department of Agri-
culture, Misc. Pub. No. 336. 
6. MATHESON, ROBERT 
1929. A handbook of the mosquitoes of North America. Charles C. Thomas, 
Baltimore, Maryland. 
7. MULHERN, THOMAS D. 
1934. A new development in mosquito traps. Proc. of the Twenty-first Annual 
Meeting of the New Jersey Mosquito Extermination Association. New Bruns-
wick, N. J. 137-40. 
8. TwINN, C. R. 
1940. Memo re Culex territans (Walk). Proc. of the Twenty-seventh Annual 
Meeting of the New Jersey Mosquito Extermination Association. New Bruns-
wick, N. J. 138. 
518 J. A. ROWE 
9. VANl>ERWERXER, RALPH J. 
10. 
1937. The relation of mosquito trap catches to human comfort. Proc. of the 
Twenty-fourth Annual Meeting of the New Jersey Mosquito Extermination 
Association. New Brunswick, N. J. 25-29. 
1939. Effect an'd intelligent use of the New Jersey mosquito trap for mosquito 
control in a local area. Proc. of the Twenty-sixth Annual Meeting of the New 
Jersey Mosquito Extermination Association, New Brunswick, N. J. 199-212. 
EVALUATION OF GERMICIDAL PROPERTIES OF SODIUM 
HYDROXIDE AND ALKALINE WASHING COMPOUNDS* 
c. R. ARNOLDt AND MAX LEvlNE:j: 
From the Laboratories of the Department of Bacteriology and Industrial Science 
Research Institute, Iowa State College 
Received January 26, 1942 
For a number of years national, state, and local sanitary agencies 
have been active in setting up standards for mechanical bottle washing in 
beverage, dairy, and other food industries. The standards proposed and 
established usually specify (1) a minimum time of exposure of the bottles, 
(2) a stipulated minimum concentration of alkali or caustic solution, 
which is (3) maintained at a designated minimum temperature. With 
very few exceptions these standards are precise and inflexible, since there 
has not been available a suitable method for converting a given standard 
as to time of exposure, temperature, and concentration of alkali into one 
of equivalent sterilizing efficiency, if any of these factors was varied. 
Hence, a mathematical expression was sought which could be utilized to 
evaluate the germicidal properties of alkalies for various combinations of 
these three factors. 
Solutions employed in mechanical bottle washers, such as are used 
by the dairy and beverage industries, generally contain sodium hydroxide 
to which has been added milder alkalies such as sodium carbonate, tri-
sodium phosphate, or small amounts of alkaline silicates. The germicidal 
properties of these mixtures, as determined by various workers using 
Bacillus metiens, have been found to depend primarily upon the concen-
tration of NaOH; however, the milder alkalies present, such as Na2C03, 
Na3P04, etc., not only act as detergents and water softeners but materially 
increase the germicidal properties of the solution (Levine, Buchanan, and 
Toulouse,1 Lowman, Buchanan, and Levine2) . 
The germicidal properties of sodium hydroxide were first systemati-
cally investigated by Levine, Buchanan, and Lease3 when they determined 
the effect of different concentrations of NaOH at various temperatures on 
spores of Bacillus metiens. Using the same organism, Levine, Peterson, 
* This study was made possible through a fellowship maintained at Iowa State 
College by the American Bottlers of Carbonated Beverages. 
t Formerly Fellow American Bottlers of Carbonated Beverages. 
:j: Professor in Charge of A.B.C.B. Fellowship at Iowa State College. 
1 Levine, Max, J. H. Buchanan, and J. H. Toulouse. Influence of sodium chloride, 
sodium carbonate, and tri-sodium phosphate on germicidal efficiency of sodium 
hydroxide. Iowa State Coll. Jour. Sci. 2:19-29. 1927. 
•Lowman, 0 . E., J. H. Buchanan, and Max Levine. Effects of salts on alkali dis-
infection. Iowa State Coll. Jour. Sci. 5: 251-68. 1931. 
• Levine, Max, J . H. Buchanan, and Grace Lease. Effect of concentration and tem-
perature on the germicidal efficiency of sodium hydroxide. Iowa State Coll. Jour. Sci. 
1: 379-94. 1927. 
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and Buchanan,4 and Myers5 studied the effect of NaOH, Na2C03 and 
NaaP04 10 H20 and mixtures of NaOH and sodium carbonate or sodium 
phosphate held at stipulated hydrogen-ion concentrations, thereby dem-
onstrating that the OH-ion concentration was not in itself a direct measure 
of germicidal efficiency for various alkalies or mixtures. 
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The spores of this organism were found not to die off logarithmically, 
i.e., at a rate constantly proportional to the number of viable organisms 
present at any given time, but rather at increasing rates as the period of 
exposure increased. The killing time (specifically, the time necessary 
'Levine, Max, E. E. Peterson, and J. H. Buchanan. Germicidal efficiency of sodium 
hydroxide, sodium carbonate, and tri-sodium phosphate at the same H-ion concen-
tration. Ind. Engr. Chem. 19: 1338-40. 1927. 
• Myers, Robert P. The germicidal properties of alkaline washing solutions, with 
special reference to the influence of hydroxyl-ion concentration, buffer index, and 
osmotic pressure. Jour. Agr. Research 38: 521-63. 1929. 
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to kill 99.9 per cent of the viable spores of Bacillus metiens) was selected 
as a suitable measure of germicidal power. 
In Table 1 are given the times to kill 99.9 per cent of the spores of 
Bacillus metiens by various concentrations of sodium hydroxide at tem-
peratures of 50°C., 60°C., and 70°C. (after Levine, Buchanan, and Lease, 
1927) . When these killing times are plotted against the concentration of 
NaOH, curves, which on inspection appear to be characteristically logari-
thmic, are obtained as shown in Figure 1. When the logarithms of the 
killing times are plotted against the logarithms of the concentrations of 
sodium hydroxide, straight lines are obtained as in Figure 2. The equa-
TABLE 1 
TIME TO KILL 99.9% OF SPORES OF Bacillus metiens WITH NaOH 
P ERCENTAGE 
NaOH 50°C. 
T EMPERATURE 
60°C. 
Killing Time in Minutes 
70°C. 
0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37.4 
1.0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42.5 10.7 
2.0 ..... . . . . . . .. . ... ... . 
3.0 . . . ..... . . .. . . . . .... . 
4.0 ........ . . .... .... . . . 
5.0 ..... . . . ... ... .. . .. . . 
41.7 
19.8 
12.4 
8.2 
11.7 
5.7 
tions of these lines as determined by the method of least squares, were 
found to be 
(50°C.) 
(60°C.) 
(70°C.) 
Log (} = 2.1471 - 1.7627 log C: 
Log (} = 1.6690 -1.7924 log C: 
Log (} = 1.0292 -1.8060 log C: 
(1) 
(2) 
(3) 
where "(}" is the killing time in minutes, and "C" is the concentration of 
NaOH in percentage. 
It appears from Figure 2 that the lines are parallel and almost equi-
distant from each other. This indicates a probable continuous relation-
ship among the three variables- killing time, temperature, and concen-
tration. As a matter of fact, the following equation may be derived by the 
method of least squares, considering the killing time as a function of both 
the temperature and the concentration: 
log(}= 4.9815 - 1.7912 log C - 0.05630 t (4) 
where"(}" is the killing time in minutes, "C" the concentration of NaOH in 
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percentage, and "t" the temperature in degrees centigrade. When the 
temperature is measured in degrees Fahrenheit the equation is: 
log ()= 5.9840 - 1.7912 log C - 0.03129 t (5) 
The suitability of these equations to represent the information in 
Table 1 and Figures 1 and 2 is brought out in Table 2, in which are com-
pared the experimental and calculated values of the killing times for 
various temperatures and concentrations of sodium hydroxide. The 
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deviations of the calculated from the experimental values of the killing 
times are slight, the maximum difference being 5.6 per cent but generally 
less than 2 per cent, or well within the limits of experimental errors 
associated with plate counts. 
Equation (4) is an equation of a plane, a projection of a portion of 
which, when drawn on paper, would give a perspective similar to Figure 3. 
It may be pointed out that equations (1), (2), and (3) are equations for 
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the lines made at the intersections of plane a-b-c-d-e in Figure 3 described 
by equation ( 4), with planes which pass through the temperature axis at 
50°C., 60°C., and 70°C., respectively, and are parallel to the plane 
a-b-k-n-m. It should be noted that, if the intersections of the concentration-
killing time planes at 50°C., 60°C., and 70°C., with plane a-b-c-d-e were 
projected on the concentration-killing time plane a-b-k-n-m, Figure 2 
would be obtained. 
The interpretation of the constants in equation ( 4) are based on 
previous work in this laboratory as well as on the literature concerned 
TABLE 2 
COMPARISON OF EXPERIMENTAL AND CALCULATED KILLING TIMES FOR Bacillus metiens 
SPORES BY SODIUM H YDROXIDE 
% 
Na OH 
50°C. 60°C. 70°C. 
Exptl. Cale. * % Diff. ExptL Cale.* % Diff. ExptL Cale. * % Diff. 
-----1-------------------- --------
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
41.7 
19.8 
12.4 
8.2 
42.4 
20.5 
12.3 
8.2 
42.5 
+1.6 11.7 
+3.5 5.7 
-0.8 
0.0 
*log Ii= 4.9815- 1. 7912 log C- 0.0563 t. 
40.1 
11.6 
5.7 
37.4 38.0 +u 
-5.6 10.7 11.0 +2.8 
-0.9 
0.0 .... . .. . . . . . . . 
. . . . . . . . . . . . . . . . ..... 
. . . . . . . . . . . . . . .. .. ... 
with death rates of bacteria. Let equation (4) or (5) be written as 
follows: 
log () = K - a log C - bt (6) 
This may be eiµployed as a general equation for evaluating the resistance 
of an organism or the activity of a germicide. For equation (6), the 
constant "K" and coefficients "a" and "b" may be determined experi-
mentally for any germicide and organism by ascertaining the killing 
times at various temperatures and concentrations. 
Phelps6 reported that the concentration and temperature coefficients 
apparently do not vary with the test organism. Accepting this concept, 
"a" and "b" in equation (6) are factors associated with the effect of con-
centration and temperature, respectively, on the germicidal efficiencies 
of the disinfectant under consideration. These coefficients are therefore 
considered characteristic for a given germicide and are presumed to be 
independent of the test organism. The effect of temperature alone on the 
spores of Bacillus metiens was found to be practically nil at 50°C., 60°C., 
and 70°C. Therefore "b" is considered to be associated with the effect of 
temperature on efficiency of the germicide. 
•Phelps, Earle B. The application of certain laws of physical chemistry to the 
standardization of disinfectants. Jour. Inf. Dis. 8: 27- 38. 1911. 
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"K" in equation (6) is a constant characteristic for the resistance of 
a test organism against a test disinfectant. Thus, for a given germicide, 
~ 
/o .(-
FlG.3 RE.LATlON OF 'K.\LL\NGi T\'ME.-TO 
C.ONCENTl<.AT\ON AND TE.MPER.ATU12E 
a large value of "K" signifies that the organism is very resistant. Converse-
ly, a low value indicates little resistance. Moreover, when standards for 
bottle washing are stipulated by law there has in effect been established 
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a standard of germicidal efficiency adequate to destroy a hypothetical 
organism the relative resistance of which, with respect to other organisms, 
is measured by the value of "K". 
The foregoing explanation of the significance of the constants in 
equation (6) suggests several possible uses for the equation. It has been 
previously mentioned that there is need for a suitable method by which 
a given standard (which stipulates a time, temperature, and concentration 
of alkali) for bottle washing may be accurately and conveniently con-
verted into one of equivalent germicidal efficiency if some other time, 
concentration, or temperature than that specified is employed. Such 
equivalents may then be utilized when the specified standard is difficult 
or impossible to meet, either because of the design of the washing ma-
chine or poor economy of operation under the specified standard. 
In order to derive equivalents for a bottle washing standard, it is 
necessary merely to substitute in equation (6) the concentration of 
caustic, the temperature, and the holding time (the time during which 
the bottle is subjected to the washing solution) recommended, and solve 
for "K", using a = 1.7912 and b = 0.0563, the values characteristic for 
NaOH as a germicide (see equation (4) or (5), where "b" = 0.03129 when 
temperature is in degrees Fahrenheit). Having thus determined "K" it is 
then possible to ascertain various combinations of time, temperature, and 
concentration of NaOH which will have the same germicidal efficiency 
as the standard in question. 
GERMICIDAL EQUIVALENTS FOR NEW YORK CITY MILK BOTI'LE 
WASHING STANDARD 
For example, the New York City Health Department stipulates a 
minimum holding time of 7 minutes, a temperature of 150°F. (65.56°C.), 
and a concentration of 2 per cent sodium hydroxide for washing milk 
bottles. By substituting these values in equation (6) and solving for "K" 
it is found that 
K cN.Y.c. i = log 7 + 1.7912 log 2 + 0.0563 X 65.56 = 5.0753 (7) 
This number is characteristic for a hypothetical organism which is killed 
in 7 minutes by a 2 per cent sodium hydroxide solution, a concentration of 
2 per cent at a temperature of 65.56°C. (150°F.). Having found " K " <N.Y.c.i 
it is a simple matter to determine the germicidal sterilizing equivalents 
for any desired combination of killing time, concentration of NaOH, and 
temperature by substituting 5.0753 for "K", 1.7912 for "a", and 0.0563 for 
" b" in equation (6) thus: 
log () = 5.0753 - 1.7912 log C - 0.05630 t (8) 
The above equation holds only when the temperature "t" is measured in 
degrees centigrade. When the Fahrenheit scale is employed the following 
equ ation must be ut ilized to determine germicidal equivalent for the New 
York City standard: 
log() = 6.0777 - 1.7912 log C - 0.03129 t (9) 
TIME 175 I 170 165 fJN MIN.) 
1. .. . ........ 2.2 2.6 3.2 
2 .. .......... 1.5 1.8 2.2 
3 . . .. . . .... .. 1.2 1.4 1.8 
------
4 .. .......... 1.0 1.2 1.5 
5 ............ 0.9 1.1 1.3 
6 ............ 0.8 1.0 1.2 
------
7 . ........... 0.7 0.9 1.1 
8 . ... . ....... 0.7 0.8 1.0 
9 ............ 0.6 0.8 1.0 
------
10 ... . ..... ... 0.6 0.7 0.9 
11 .. .. ... . .... 0.6 0.7 0.8 
12 ............ 0.5 0.7 0.8 
------
13 .... ........ 0.5 0.6 0.8 
14 ............ 0.5 0.6 0.7 
15 ...... ..... . 0.5 0.6 0.7 
TABLE 3 
GERldlCIDAL EQUIVALENTS 
(Based on New York City Specifications for Milk Bottles) 
Concentrations for Designated Temperatures and Exposure Period* 
TEMPERATURE (°F.) 
160 155 150 145 140 135 130 
Concentration of NaOH (in %) 
4.0 4.8 5.9 7.2 8.9 10.8 13.2 
2.7 3.3 4.0 4.9 6.0 7.3 9.0 
2.1 2.6 3.2 3.9 4.8 5.9 7.2 
---------------
1.8 2.2 2.7 3.3 4.1 5.0 6.2 
1.6 2.0 2.4 2.9 3.6 4.4 5.4 
1.5 1.8 2.2 2.7 3.3 4.0 4.9 
------------
1.3 1.6 2.0 2.4 3.0 3.6 4.5 
1.2 1.5 1.9 2.3 2.8 3.4 4.2 
1.2 1.4 1.7 2.1 2.6 3.2 3.9 
------------
1.1 1.3 1.6 2.0 2.4 3.0 3.7 
1.0 1.3 1.6 1.9 2.3 2.8 3.5 
1.0 1.2 1.5 1.8 2.2 2.6 3.3 
------------
0.9 1.2 1.4 1.7 2.1 2.6 3.2 
0.9 1.1 1.4 1.7 2.0 2.5 3.0 
0.9 1.1 1.3 1.6 2.0 2.4 2.9 
log C= 3.3931- 0.55828 log II- 0.01747 t 
C= % NaOH; II= killing time in minutes; t=temperature in °F. 
*"Exposure Period"= "Killing Time" in experimental determinations. 
125 120 I 115 110 
16.2 19.8 24.2 29.6 
10.9 13.5 16.4 20.1 
8.8 10.7 13.1 16.0 
7.5 9.1 11.1 13.7 
6.6 8.1 9.9 12.1 
6.0 7.3 8.9 10.9 
5.5 6.7 8.2 10.0 
5.1 6.2 7.6 9.3 
4.7 5.8 7.1 8.7 
4.8 5.5 6.7 8.2 
4.2 5.2 6.4 7.8 
4.0 4.9 6.0 7.4 
3.9 4.7 5.8 7.1 
3.7 4.5 5.5 6.8 
3.6 4.4 5.3 6.5 
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By means of equation (9) a table may be prepared to show the various 
holding periods, or times in minutes required for any stipulated tempera-
ture and concentration of caustic. A more useful and practical table, 
however, would be one in which the concentration of caustic is the vari-
able while the holding times and temperatures are stipulated. Solving 
equation (9) for "log C" gives the following: 
log C = 3.3931 - 0.55828 log() - 0.01747 t (9a) 
Equation (9a) was employed in development of Table 3 for germi-
cidal equivalents of the New York City milk bottle washing standards. 
GERMICIDAL EQUIVALENTS FOR CITY OF CHICAGO MILK BOTI'LE 
WASHING STANDARDS 
The City of Chicago Health Department for a number of years has 
required that milk bottles be subjected to 1.6 per cent NaOH at a tem-
perature of 120°F. for 5 minutes. Proceeding as was described for the 
New York City standard K cchlcni:oJ is found to have a value of 3.8171 if the 
temperature is expressed in °C. or 4.8195 when using °F., the equations 
for germicidal equivalents being 
log()= 3.8171 -1.7912 log C - 0.05630 t, when t = °C., and 
log()= 4.8195 - 1.7912 log C - 0.03129 t, when t = °F., 
and solving the latter for "log C" gives equation 
log C = 2.6906 - 0.55828 log() - 0.01747 t 
which was employed in development of Table 4. 
(9b) 
GERMICIDAL EQUIVALENTS FOR CALIFORNIA SPECIFICATIONS FOR 
WASHING GLASS AND CROCKERY FOOD CONTAINERS 
The food officials of California have stipulated that refillable glass 
food containers be subjected to 2.5 per cent caustic, at a temperature of 
120°F. for 5 minutes. By substitution of these values in equations (4) 
and (5) the K ccaurornla> values obtained are 4.1646 when temperature is 
expressed in °C. and 5.1670 when temperature is in °F., the respective 
equations being 
log()= 4.1646 -1.7912 log c - 0.05630 t, (when t = °C.) 
log()= 5.1670 - 1.7912 log C - 0.03129 t, (when t = °F.), 
and solving the latter for "log C" gives the equation 
log C = 2.8843 - 0.55828 log() - 0.01747 t 
which was employed f~r computation of Table 5. 
GERMICIDAL EQUIVALENTS FOR AMERICAN BOTI'LERS OF 
CARBONATED BEVERAGES BOTI'LE WASHING STANDARD 
(9c), 
The method for deriving the equation to be used in calculating the 
germicidal equivalents for the American Bottlers of Carbonated Bever-
ages Standard for washing beverage bottles is somewhat more compli-
TIME (IN MIN.) 175 170 
1. ... . .. . ... .. ..... 0.45 0.55 
2 . . . . . . . . ... . . .... . 0.30 0.35 
3 .. ......... . . . . ... 0.25 0.30 
---
4 . .. ... . .. . . . .... .. 0.20 0.25 
5 .... .. .. .... ..... . 0.20 0.20 
6 ........ . ..... .... 0.15 0.20 
------
7 . ....... ... . . . ... . 0.15 0.20 
8 . . . . . . . . .. .. ... . .. 0.10 0.15 
9 .................. 0.10 0.15 
--- ---
10 .... . . . ... .. . . . ... 0.10 0.15 
11 ... ..... . .. . . . . . . . 0.10 0.15 
12 .... . . . . .. . . ...... 0.10 0.15 
---
13 ... .. ..... .. .... .. 0.10 0.10 
14 .. .. . . ... .... ..... 0.10 0.10 
15 ...... . . .. ... .. ... 0.10 0.10 
TABLE 4 
GERMICIDAL EQ.UIV ALENTS 
(Based on Chicago Specifications for Milk Bottles) 
Concentrations for Designated Temperatures and Exposure Period* 
TEMPERATURE (°F.) 
165 160 155 150 145 140 135 130 
Concentration of NaOH (in %) 
0.65 0.80 0.95 1.20 1.45 1.75 2.15 2.65 
0.45 0.55 0.65 0.80 1.00 1.20 1.45 1.80 
0.35 0.45 0.55 0.65 0.80 0.95 1.15 1.40 
--- --- - - - --- - - - ------- - -
0.30 0.35 0.45 0.55 0.65 0.80 1.00 1.20 
0.25 0.30 0.40 0.50 0.60 0.70 0.85 1.05 
0.25 0.30 0.40 0.45 0.55 0.65 0.80 0.95 
------------------------
0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.90 
0.20 0.25 0.30 0.35 0.45 0.55 0.65 0.80 
0.20 0.20 0.30 0.35 0.40 0.50 0.60 0.75 
------------------------
0.16 0.20 0.25 0.30 0.40 0.50 0.60 0.70 
0.15 0.20 0.25 0.30 0.35 0.45 0.55 0.70 
0.15 0.20 0.25 0.30 0.35 0.45 0.55 0.65 
- -------- --- ------------
0.15 0.20 0.25 0.30 0.25 0.40 0.50 0.60 
0.15 0.20 0.20 0.25 0.30 0.40 0.50 0.60 
0.15 0.15 0.20 0.25 0.30 0.40 0.45 0.55 
log C = 2.6906- 0.55828 log 8- 0.01747 t 
C= % NaOH; 8= killing time in minutes; t= temperature in °F. 
*"Exposure Period"= "Killing Time" in experimental determinations. 
125 120 115 110 
3.20 3.95 4.80 5.87 
2.20 2.65 3.25 3.99 
1.75 2.15 2.60 3.18 
- ----- --- ---
1.50 1.80 2.20 2.71 
1.30 1.60 1.95 2.39 
1.20 1.45 1.75 2.16 
------------
1.10 1.30 1.60 1.98 
1.00 1.25 1.50 1.84 
0.95 1.15 1.40 1.72 
--------- ---
0.95 1.10 1.30 1.62 
0.85 1.05 1.25 1.54 
0.80 1.00 1.20 1.47 
------------
0.75 0.95 1.15 1.40 
0.75 0.90 1.10 1.35 
0.70 0.85 1.05 1.30 
TIME 175 170 (IN MIN.) 
1 .. .. .... 0.68 0.81 
2 .. .... .. 0.47 0.56 
3 ........ 0.37 0.44 
4 ....... . 0.31 0.37 
5 .. ...... 0.28 0.34 
6 ........ 0.25 0.31 
7 .... .... 0.22 0.28 
8 ...... .. 0.22 0.25 
9 .. ...... 0.19 0.25 
10 ...... . . 0.19 0.22 
11 ........ 0.19 0.22 
12 ... . ... . 0.16 0.22 
13 ....... . 0.16 0.19 
14 . . . . .... 0.16 0.19 
15 .... .. .. 0.16 0.19 
TABLE 5 
GERMICIDAL EQUIVALENTS 
(Based on California Specifications for Glass and Crockery Food Containers) 
Concentrations for Designated Temperatures and Exposure Periods* 
TEMPERATURE (°F.) 
165 160 155 150 145 140 135 130 
Concentration of NaOH (in %) 
1.00 1.2 1.5 1.8 2.2 2.7 3.4 4.1 
0.68 0.83 1.0 1.2 1.5 1.9 2.3 2.8 
0.54 0.67 0.81 1.0 1.2 1.5 1.8 2.2 
0.46 0.57 0.69 0.84 1.0 1.3 1.6 1.9 
0.40 0.50 0.61 0.75 0.91 1.1 1.4 1.7 
0.37 0.45 0.55 0.67 0.82 1.0 1.2 1.5 
0.34 0.41 0.51 0.62 0.76 0.93 1.1 1.4 
0.31 0.38 0.47 0.58 0.70 0.86 1.1 1.3 
0.29 0.36 0.44 0.54 0.66 . 0.80 0.98 1.2 
0.28 0.34 0.42 0.51 0.62 0.76 0.93 1.1 
0.26 0.32 0.39 0.48 0.59 0.72 0.88 1.1 
0.25 0.31 0.37 0.46 0.56 0.67 0.84 1.0 
0.24 0.29 0.36 0.44 0.54 0.66 0.80 0.98 
0.23 0.28 0.34 0.42 0.51 0.63 0.77 0.94 
0.22 0.27 0.33 0.40 0.50 0.60 0.74 0.90 
log C = 2.8843- 0.55828 log 9- 0.017 4 7 t 
C.:= % NaOH; 9= killing time in minutes; I= temperature in °F. 
*"Exposure Period"= "Killing Time" in experimental determinations. 
125 I 120 115 110 
5.0 6.1 7.5 9.2 
3.4 4.2 5.1 6.2 
2.7 3.3 4.1 5.0 
---------
2.3 2.8 3.5 4.2 
2.0 2.5 3.1 3.7 
1.8 2.3 2.8 3.4 
--- --- ---
1.7 2.1 2.5 3.1 
1.6 1.9 2.4 2.9 
1.5 1.8 2.2 2.7 
---------
1.4 1.7 2.1 2.5 
1.3 1.6 2.0 2.4 
1.3 1.5 1.9 2.3 
---------
1.2 1.5 1.8 2.2 
1.1 1.4 1.7 2.1 
1.1 1.4 1.7 2.0 
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cated in that it is necessary to mathematically evaluate the effect of pres-
ence of the milder alkalies, Na2C03 and Na3P04, with sodium hydroxide 
on the germicidal efficiency of the resulting solutions. It has been reported 
(Levine, Buchanan, and Toulouse1 ; Lowman, Buchanan, and Levine2; and 
Levine, Peterson, and Buchanan4•7 ) that the addition of NaCl, Na2C03, 
and Na3P04 markedly increases the germicidal properties of caustic soda. 
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~ at 60 c ~\ \)<?.r\ ~\ IH ~ 10 \~ ~\\ ~~ .. ~'"",___t--+------1 
m ~ ~" -~ j 5 t------i--+---+--+-+--+-,~ \ \ C'~\. --+---I 
Q 4 \ ' \ ;31--~~-r-~+--+--+-~+----i~~~~~+--t'--+-~+-~~~~ 
~ [\ \ \ 
Z1--~~-r-~+--+--+-~+----i~~~+-~+--+--+-~+----i~~~ 
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.e .3 .4 .5 .7 1 e :3 4 5 7 10 
PERCENT ALKALI CALCULA.TED A5 NaOH 
Fl<:J. 4 RELATION OF CONCENTRATION 
OF ALKALI TO Kl LUNG T\ ME 
The magnitudes of the increased germicidal effect for mixtures of sodium 
hydroxide and sodium carbonate are given in Table 4. 
It may be observed from Figure 4 that at 50°C. the killing times for 
various percentage concentrations of NaOH-Na2C03 mixtures fall along 
the straight line EG, intersecting at 2 per cent NaOH, the line which shows 
the effect of various concentrations of NaOH alone on the killing time. 
1 Levine, Max, E. E. Peterson, and J. H. Buchanan. Germicidal efficiency of sodium 
hydroxide and sodium hydroxide-carbonate mixtures at the same H-ion concentration . 
Ind. Engr. Chem. 20:63-65. 1927. 
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Similarly, at 60°C. the killing times for various concentrations of NaOH-
Na2C03 mixtures lie rather closely along the straight line, CH, which 
intersects the line denoting the effect of NaOH alone on the killing time 
at 1 per cent NaOH. The data for Na3P04 • 12H20 fall along the line CJ. 
The equations for these lines as determined by the method of least squares 
are: 
1. log 8 = 1.7994 - 0.6121 log C (10) 
(Line EG, for additions of Na2C03 to 2 per cent NaOH at 50°C.) 
2. log 8 = 1.6232 - 0.6541 log C (11) 
(Line CH, for additions of Na2C03 to 1 per cent NaOH at 60°C.) 
3. log 8 = 1.6325 - 0.8308 log C (12) 
(Line CJ for additions of sodium phosphate to 1 per cent NaOH 
at 60°C.) 
In the foregoing equations"()" is the killing time in minutes and C is 
TABLE 6 
EFFECT OF ADDITION OF SODIUM CARBONATE AND TRISODIUM PHOSPHATE ON GERMICIDAL 
EFFICIENCY OF SODIUM HYDROXIDE 
% Na2COa OR 
TOTAL CoNc. KILLING 
% % N aaPO, NaaPO, 12 H 20 OF ALKALI TIME Na OH Na2C03 12 H 20 CALC. AS NaOH CALC. AS IN MINUTES in% NaOH IN% 
Hydroxide-Carbonate at 50°C. 
2 . . . .. . . ... 0 . ... . ..... 0.0 2.0 41.0 
2 .. .. . . .... . . .. .. . .. . 0.76 2.76 33.8 
2 ... .. ... . . 2 . . . . . . . . . . 1.51 3.51 29.9 
2 . .. . . .. . .. 3 . . .. . .. . . . 2.27 4 .27 25.5 
Hydroxide-Carbona te at 60°C. 
1. ... .. .. . . 0 . . . . . . . . . . 0.0 1.0 42.5 
1. . .... ... . 1 . . . . . . . . . . 0.76 1.76 29.0 
1. ... ... . . . 2 . . . . . . . . . . 1.51 2.51 21.9 
1. . .... . . . . 3 . . .. . . .. .. 2.27 3.27 20.1 
Hydroxide-Phosphate at 60°C . 
1. . . . . .... . . . . . . . . . . . 0 0.0 1.0 42.5 
1. ......... . . . . . . . . . . 0.32 1.32 34.9 
1. . . . .. .. . . . . . . . . . . . . 2 0.63 1.63 28.1 
1. . . . . . .. .. . . . . . .. . . . 3 0 .96 1.95 24.7 
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the percentage concentration of alkali calculated as NaOH. The slopes of 
the lines EG and CH (carbonate series) are practically the same while 
that of CJ, for additions of phosphate, is distinctly greater than those for 
Na2COa. It is evident, therefore, that trisodium phosphate is somewhat 
more effective than N a2C03 in producing increased germicidal efficiency 
of NaOH solutions. Consequently, if sodium phosphate were to be sub-
stituted for sodium carbonate in equivalent normality, the killing time 
equations of sodium hydroxide-sodium carbonate mixtures would indeed 
be very conserva.tive estimates of the effect of sodium hydroxide-sodium 
phosphate mixtures. 
Since the eff~ct of adding Na2C03 to a 2 per cent NaOH solution at 
50°C. is similar to adding 1 per cent sodium carbonate to a 1 per cent NaOH 
solution at 60°C., it is assumed that the effect of adding various amounts 
of carbonate to concentrations of NaOH other than 1 per cent and 2 per 
cent and at temperatures other than 50°C. and 60°C. will also be similar . 
In short, 
log 6 = k - d log C (13) 
where "d" is equal to 0.6331, which is the average slope of the lines EG 
and CH of Figure 4; 6 is the killing time in minutes; "k" is a constant, and 
"C" is the percentage concentration o"f the total alkali (both NaOH and 
Na2C03) computed as NaOH. 
By means of equation (13) it is possible to calculate the killing time 
for various mixtures of NaOH with Na2C03 at any desired temperature, 
equation (4) giving the relation of killing time to concentration of NaOH 
alone. It should be understood that at a given temperature there is a con-
centration of NaOH which, when substituted in equations (4) or (13) , 
will give the same killing times, since equation (13) is based on the total 
concentration of alkali which is composed of a definite percentage of 
NaOH to which has been added Na2C03 in concentrations from zero up. 
For example, let Na2C03 be added to a 1.33 per cent NaOH solution 
at a temperature of 50°C. Before any carbonate is added, the killing 
time 61 may be computed from equation (4): 
log 61 = 4.9815 - 1.7912 log 1.33 - 0.0563 X 50 = 1.9447 (14) 
and for mixtures of 1.33 per cent NaOH plus carbonate 
log 61 = k1 - 0.6331 log 1.33 (15)" 
Since equation (13) is assumed to hold for mixtures of NaOH and Na2COs 
in which the sodium carbonate concentration may increase upwards from 
zero, 
"k1" =log 61 + 0.6331 log 1.33 = 1.9447 + 0.6331 log 1.33 = 2.0231 (16) 
Hence, for solutions of alkali at 50°C. containing 1.33 per cent NaOH to 
which various amounts of Na2C03 have been added, the following equa-
t ion may be used to express the relationship between concentration and 
killing time: 
log 6 = 2.0231 - 0.6331 log C (17) 
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By means of this equation (17) the killing time for a mixture of 1.33 
per cent NaOH and 2.64 per cent Na2C03 has been computed to be 44.05 
minutes, which agrees very well with the experimental value of 43. 7 min-
utes. In similar manner the killing times have been computed for various 
mixtures of NaOH and Na2COa which have been employed experimentally 
by Levine and Buchanan,8 and entered in Table 7 together with their 
TABLE 7 
COMPARISON OF EXPERIMENTAL AND CALCULATED KILLING TIMES FOR DESIGNATED ALKALI 
MIXTURES AND TEMPERATURES 
PERCENTAGE Co NCENl'RATION OF ALKALI KILLING TIME 
T EMP. COMPUTED AS NaOH (IN MINUTES) 
oc. 
Na OH Na2COa Total Exp ti. Cale. 
2.00 0 2.00 41.0 42.6 
2.00 0 .76 2.76 33.8 33.8 
2.00 1.51 3.51 29.9 29.7 
1.33 2.64 3.97 43.7 44.1 
so 
2.00 2.04 4.04 31.1 27.2 
2.70 1.36 4.06 18.0 19.1 
1.99 2.01 4.00 34.0 * 27.1 
2.00 2.27 4.27 25.5 26.1 
1.00 0 1.00 42.5 40.9 
1.00 0.76 1.76 29.0 28.4 
60 1.00 1.51 2.51 21.9 22.6 
1.00 2.27 3.27 20.1 19.1 
1.99 2.01 4.00 8.5* 7.5 
70 1.00 1.00 2.00 6.3* 7.1 
*These killing times were for a commercial alkali mixture, the concentration of NaOH 
and carbonate of which were estimated by titration with methyl orange and phenol-
phthalein as indicator. 
experimental values. From this table it is obvious that the computed and 
experimental killing times are in remarkably close agreement, indicating 
the applicability of equation (13). 
Computation of a table of germicidal equivalents for the A.B.C.B. 
standard for bottle washing is complicated, as has previously been noted, 
by reason of the fact that a mixture of NaOH and other alkalies (3 per cent 
alkali of which not less than 60 per cent is caustic) is stipulated. It is 
therefore necessary first to determine the concentration of NaOH which 
has the same germicidal efficiency as a mitxure of 1.8 per cent NaOH with 
1.2 per cent Na2C03• This was found to be 2.16 per cent NaOH as detailed 
below. 
• Levine, Max, and J. H. Buchanan. Some factors influencing the germicidal effi-
ciency of alkalies. Am. Jour. of Public Health 18: 1361~. 1928. 
Tnm 175 170 I (IN Mm.) 
1. .. ... .. . .. ... .. .. 0.86 1.05 
2 .... ......... ..... 0.59 0.72 
3 .. .. . .. ... .. .... . . 0.47 0.57 
---
4 ... . . . . . . . .... . . .. 0.40 0.49 
5 ......... .. ....... 0.35 0.43 
6 ....... . ... .. . . . .. 0.32 0.39 
---
7 .... .. ..... .. . .. . . 0.29 0.36 
8 . ... .. .. ...... . ... 0.27 0.33 
9 . . .. . . . ........... 0.25 0.31 
---
10 . . ... ............. 0.24 0.29 
11. ....... .. . .. ... . . 0.21 0.28 
12 .... . .. . .. . . .. . . .. 0.22 0.26 
- --
13 . . . . .. . . .... . . .. . . 0.21 0.24 
14 .... . . .. . ..... ... . 0.20 0.24 
15 ..... . . . .......... 0.19 0.23 
TABLE 8 
GERMICIDAL EQ.UIV ALENTS 
(Based on A. B. C. B. Specifications for Beverage Bottles) 
Concentrations for Designated Temperatures and Exposure Periods* 
TEMPERATURE (°F.) 
165 160 I 155 150 I 145 140 135 130 
Concentration of NaOH (in %) 
1.29 1.58 1.93 2.36 2.89 3.53 4.32 5.28 
0.88 1.07 1.34 1.60 1.96 2.40 2.93 3.58 
0.70 0.86 1.04 1.28 1.56 1.91 2.34 2.86 
---- - - ------- --- - - - ----·-
0.60 0.73 0.89 1.09 1.33 1.63 1.99 2.44 
0.53 0.64 0.79 0.96 1.14 1.43 1.76 2.16 
0.48 0.58 0.71 0.87 1.06 1.30 1.59 1.94 
------------------------
0.44 0.53 0.65 0.80 0.97 1.19 1.46 1.78 
0.40 0.49 0.61 0.74 0.90 1.11 1.35 1.65 
0.38 0.46 0.57 0.69 0.85 1.03 1.27 1.55 
--------------------- - - -
0.36 0.44 0.53 0.65 0.80 0.98 1.20 1.46 
0.34 0.41 0.51 0.62 0.76 0.93 1.13 1.39 
0.32 0.39 0.48 0.59 0.72 0.88 1.08 1.31 
------- ------------ -----
0.31 0.38 0.46 0.56 0.69 0.84 1.03 1.26 
0.30 0.36 0.44 0.54 0.66 0.81 0.99 1.21 
0.29 0.35 0.43 0.52 0.64 0.78 0.95 1.16 
log .C=2.9935-0.55828 log 8-0.01747 t 
C= % NaOH; 8= killing time in minutes; t= temperature in °F. 
*"Exposure Period"= "Killing Time" in experimental determinations. 
125 120 115 110 
6.45 7.89 9.65 11 .80 
4.38 5.36 6.55 8.01 
3.49 4.27 5.22 6.39 
- ------ --- --
2.98 3.64 4.45 5.44 
2.63 3.22 3.93 4.80 
2.37 2.90 3.55 4.34 
------------
2.17 2.66 3.26 3.98 
2.02 2.47 3.02 3.69 
1.89 2.31 2.83 3.46 
- -----------
1.79 2.18 2.67 3.26 
1.69 2.07 2.53 3.09 
1.61 1.97 2.41 2.95 
------------
1.54 1.89 2.30 2.82 
1.48 1.81 2.21 2.70 
1.32 1.74 2.13 2.60 
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From equation (4) is first computed log ()for a concentration of 1.8 
per cent NaOH at a temperature of 54.44°C. (130°F.). This was found to 
be 1.4615. The value of "k" in equation (13) when "C" (concentration of 
caustic) is 1.8 per cent may then be determined: 
k = log () + d log C = 1.4615 + 0.6331 log 1.8 = 1.6209 
The equation for determining killing time"()" for additions of Na2C03 
to 1.8 per cent NaOH at 54.44 °C. (130°F.) thus becomes 
log () = 1.6209 - 0.6331 Log C 
where "C" is the total concentration of alkali calculated as NaOH. For a 
mixture of 1.8 per cent NaOH + 1.2 per cent Na2C03 (i.e., 3 per cent total 
alkali complying with the A.B.C.D. standard) "()" = 20.84 minutes. 
The concentration of caustic alone which will kill in 20.84 minutes 
at 54.44°C. (130°F.) was then determined by solving for "C" in equa-
tion (4) : 
(log 20.84 = 4.9815 - 1.7912 log C - 0.05630 X 54.44). 
"C" was thus found to be 2.156 per cent NaOH. 
The A.B.C.D. standard thus virtually becomes 2.16 per cent caustic 
for 5 minutes at 130°F. By means of the general equation 
log () = K - a log C - bt (6) 
K cA.B.c.B.> may be determined, since () = 5 minutes, C = 2.16 per cent, 
t = 130°F. are stipulated, and for disinfection with NaOH the constants 
a= 1.7912 and b = 0.03129 (when temperature is expressed in °F.) have 
been previously ascertained experimentally. Thus, K cA.B.c.B.> = log 5 
+ 1.7912 log 2.16 + 0.03129 X 130 = 5.3620, and the general equation 
log () = 5.3620 - 1. 7912 log C - 0.03129 t (18) 
becomes the basis for computing a table of germicidal equivalents for the 
A.B.C.B. standard. Since a table of equivalents in which the concentra-
tion of caustic is the variable is the most practical, equation (19), derived 
from equation (18) 
log C = 2.9935 - 0.55828 log () - 0.01747 t (19) 
was employed for development of Table 8 which shows the concentration 
of NaOH at a stipulated temperature and time which will effect the 
sterilizing action equivalent to that of 2.16 per cent NaOH at 130°F. for 
5 minutes. 
If temperature is expressed in °C., equation (18) for the A.B.C.B. 
standard becomes 
log()= 4.3596 - 1.7912 log C - 0.05630 t (20) 
COMPARISON OF BOTI'LE WASHING STANDARDS 
The foregoing equations for determination of germicidal equivalents 
for a stipulated standard may be readily employed for comparing different 
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standards, promulgated for bottle washing, with one another. This might 
be done by comparing the values of "K" in the respective equations, or any 
one of the three factors-killing time, temperature, or concentration of 
NaOH-in the various tables of germicidal equivalents, when the other 
two factors are constant, as may be seen from the following examples: 
Suppose that two standards, A and B are considered. Their respec-
tive equations would be 
(A) log (JA = KA - a log CA - btA 
(B) log 6a = Ka - a log Ca - bta 
KA and Ka being constants characteristic of the resistance of the hypotheti-
cal organisms formulated, as previously explained, by the respective 
standards;· (the constants "a" and "b", it should be recalled, are character-
istic for the germicide and independent of the test organism). For a stipu-
lated temperature and concentration it is evident that "K" is a function 
of the logarithm of the killing time 6. 
Now, subtracting equation (B) from (A) there is obtained 
log (JA - log (JR= KA - Ka- a log CA+ a log Ca - btA + bta (21) 
and when CA= Ca and tA =ta, which would be the case if killing times for 
the two standards under consideration were being determined for a 
stipulated concentration of NaOH and temperature, equation (21) be-
comes: 
log (}A - log 6a = KA - Ka 
(}A 
log -- = KA - Ka 
6a 
Thus, the difference in the values for "K" in the equations for germi-
cidal equivalents of any two standards is the logarithm of the ratio of 
the killing times at any given concentration of NaOH and temperature for 
the hypothetical organisms formulated by the respective standards. 
The values determined for "K" (temperature expressed in °F.) were 
found to be as follows: 
New York City .................... K = 6.0777 
A. B. C. B ........................... .. K = 5.3620 
California .................. .. .......... K = 5.1670 
Chicago .................................. K = 4.8195 
The New York City and Chicago standards are both for milk bottles. 
The difference in their "K" values is 1.2582, the anti-log of which is 18.1; 
thus, for any given temperature and concentration it would be necessary 
to expose a bottle 18.1 times as long to meet the New York City as would 
be required to comply with the Chicago requirements. 
The A. B. C. B. standard is not directly comparable with the above 
since it is designed for a different purpose, namely for carbonated bev-
erage containers. Merely for illustrative purposes, however, it may be 
I . 
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pointed out that on the above basis it would be necessary to expose a milk 
bottle about 5 times as long to meet the new York City standard but only 
about one-third as long to meet the Chicago standard as is required by 
the A.B.C.B. for a beverage bottle at any stipulated temperature and con-
centration of NaOH. 
Tables of equivalent germicidal efficiency, such as Tables 3, 4, 5, and 
8, may be readily employed for comparing standards; thus, at a tempera-
ture of 130°F. for 5 minutes, a concentration of 1.05 per cent NaOH is 
required on the basis of the Chicago standard (Table 4), whereas from 
Table 3 it is noted that 5.4 per cent caustic would be necessary to comply 
with the New York City standard. Similarly, it will be noted that for any 
stipulated temperature and killing time the ratio of caustic required to 
meet the respective standards is approximately 5 to 1. 
A more general view of the relation between bottle washing standards, 
in respect to the concentration of caustic required at stipulated tempera-
tures and exposure periods, may be obtained from a consideration of the 
equations from which Tables 3, 4, 5, and 8 were computed. These a're 
recapitulated herewith: 
log C cN.Y.C.J = 3.3931 - 0.55828 log fJ - 0.01747 t (9a) 
log C cA.B.c.B.> = 2.9935 - 0.55828 log fJ - 0.01747 t (19) 
log C ccnllforninJ = 2.8843 - 0.55828 log() - 0.01747 t (9c) 
log C cchlcngoJ = 2.6906 - 0.55828 log() - 0.01747 t (9b) 
Since the coefficients of"()" and " t" are the same in each of the equa-
tions, then, for a stipulated temperature and exposure period, (i.e., killing 
time) the difference between equations 9a and 9b for example, becomes 
log C cN.Y.C.) - log C cc111cniro> = 3.3931 - 2.6906 = 0.7025, 
the antilog of which is 5.0; that is, for a given temperature and exposure 
period, 5.0 times the concentration of caustic is required by New York as 
by Chicago. Similarly, it will be found that the New York City standard 
for milk bottles requires 3.2 times as much caustic as is stipulated by 
California and 2.5 times the concentration recommended by the A.B.C.B. 
for beverage bottles. 
SUMMARY 
Mathematical derivation of equations for ascertaining relationship 
between temperature, concentration of caustic solution, and period of 
exposure, to effect germicidal actions equivalent to those stipulated in 
the respective standards for bottle washing by the food control authorities 
in New York, Chicago, California, and by the American Bottlers of Car-
bonated Beverages are detailed. 
The general equation for the period of exposure (or killing time) is 
log (J = K - a log C - bt 
where "()" is time in minutes, "C" is concentration of NaOH expressed 
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in percentage, "t" is temperature, "a" and "b" are coefficients determined 
experimentally and constant for a given germicide, and "K" is a constant 
characteristic of the resistance of a hypothetical organism stipulated by 
a given standard. For NaOH as the germicide, "a" was found to be 
1. 79120, and "b" is 0.05630 when temperature is expressed in °C. and 
0.03129 if temperature is expressed in °F. The values for "K" were as 
follows: 
Standard Temp. in °C. Temp.in °F. 
New York 5.0753 6.0777 
A.B.C.B ..... ...... . ......... . ................... . 4.3596 5.3620 
California ....................................... . 4.1646 5.1670 
Chicago .......................................... . 3.8171 4.8195 
Tables showing the concentration of NaOH required to produce an 
equivalent germicidal effect for a stipulated temperature and period of 
exposure (killing time) are presented for each of the standards consid-
ered. The equations employed were derived from those for "killing time,'' 
the general equation being 
Log C = k' - 0.55828 log() - 0.01747 t 
when "C" is concentration of NaOH in percentage; "()" is the period of 
exposure or "killing time" in minutes; "t" is temperature in °F., and "k"', 
which is a constant characteristic for any stipulated standard under con-
sideration, was found to be as follows: 
New York ...................................... 3.3931 
A.B.C.B. .. ........................................ 2.9935 
California ........................................ 2.8843 
Chicago ............................................ 2.6906 
The differences in the "K" values of any two standards is the logarithm 
of the ratio of their respective "killing times" (for a stipulated tempera-
ture and concentration of NaOH), while the difference in the "k"' values 
is the logarithm of the ratio of the respective concentrations of NaOH (for 
a given temperature and killing time) which will produce equivalent 
germicidal effects. 
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Biological studies on the American dog tick, Dermacentor variabilis, 
were begun in April, 1941, on the Tama Indian Reservation, Tama, Iowa. 
The work is being conducted jointly by the Iowa State Board of Health 
and the Department of Zoology and Entomology, Iowa State College. The 
authors are greatly indebted to Dr. W. L. Bierring and Dr. Carl F. Jordan 
of the Iowa State Board of Health for financial support and assistance in 
the work; to Dr. F. C. Bishopp, Bureau of Entomology and Plant Quaran-
tine, U. S. Department of Agriculture, for tick records in Iowa; to Dr. 
R. A. Cooley, U.S. Public Health Service, Rocky Mountain Laboratory, 
for the determination of several species; and to Dr. C. J. Drake and Dr. 
E. R. Becker of Iowa State College for advice and assistance in the work. 
This paper is a report concerning the ticks collected on the Reserva-
tion and other species known for Iowa. There has been no systematic 
survey of the ticks in the state, so it is not thought that the species herein 
listed represent a complete list for Iowa. Six of the fourteen species given 
below, Dermacentor variabilis, Haemaphysalis leporis-palustris, Ixodes 
sculptus, I. texanus, Amblyomma americanum, and A. ovale, were col-
lected on the Tama Indian Reservation; records of five species were taken 
from the literature; two were from collections of individuals; and one 
was from the Accession Catalogue of the Division of Insects Affecting 
Man and Animals, Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture. However, D. variabilis, H. leporis-palustris, 
A. americanum, I. sculptus, I. cookei, and I. kingi are also listed in the 
Accession Catalogue from Iowa. 
FAMILY ARGASIDAE CANESTRINI 
The family Argasidae is represented in Iowa by three genera and 
three species, Argas persicus, Ornithodoros kelleyi, and Otobius megnini. 
0. kelleyi may occur here naturally, but the other two species are south-
ern forms. 
Argas persicus (Oken) 
The normal range of this species lies in the southwestern part of the 
United States, California, Arizona, New Mexico, Texas, and Florida. The 
Marx Collection of the National Museum contains specimens from Iowa, 
but these probably represent the only record of its presence in the state. 
1 Journal Paper No. J-791 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 372. 
[539] 
540 G. W. EDDY AND C. R. JOYCE 
The tick may have accompanied a shipment of chickens, which could 
have easily been true of the larval form, since several days are required 
for engorgement. It is an important parasite of poultry in the southern 
states and a vector of fowl spirochaetosis. 
Ornithodoros kelleyi Cooley and Khols. 
The description of 0. kelleyi appeared in print in April, 1941. The 
type is a nymph collected in Utah. A single female specimen collected in 
a dwelling house at Dubuque, Iowa, in March, 1939, was recently given 
to the senior author by Dr. E. R. Becker of Iowa State College. Accord-
ing to Dr. R. A. Cooley, this tick has an eastern range and is likely a 
parasite of bats. There are probably other members of this genus present 
in Iowa that have not as yet been collected. 
Otobius megnini (Duges) 
According to Banks (19~8), 0. megnini has been collected in Iowa at 
Ames and Davenport. Specimens are represented in the collection of 
the Museum of Comparative Zoology, Cambridge, Massachusetts, and in 
the Marx Collection of the National Museum. 
This tick is most prevalent in the semiarid sections of southwestern 
United States where it is an important parasite of livestock. The imma-
ture forms remain attached in the ears of its host for several months, 
and the shipment of infested stock to the more northern states accounts 
for its presence there. 
FAMILY IXODIDAE MURRAY 
Five genera and eleven species make up the known ticks of this 
family in Iowa. The genus Ixodes is the largest and, taxonomically, the 
most difficult group of ticks in America. It is not, however, as important 
from a medical standpoint as some of the other genera. A number of the 
species have widely scattered distribution and feed on smaller rodents. 
Life histories have not been worked out for the majority of the species 
and their taxonomic variations are not well known. 
Ixodes angustus Neumann 
The type was collected in Idaho from the bushy-tailed wood rat 
(Neotoma cinerea occidentalis). It has a range in the northern part of 
the United States and is very common in British Columbia. According to 
Hooker (1909), there are specimens from Iowa in the collection of the 
Bureau of Animal Industry. 
Ixodes scapularis Say 
Banks (1908) states that this tick was taken at McGregor, Iowa. 
Hooker (1909) mentions its presence in the Museum of Comparative 
Zoology. Its natural range is southern and southeastern United States. 
Both large and small animals serve as hosts. Deer are often heavily 
parasitized during the fall and early winter in Oklahoma. It is a known 
vector of anaplasmosis. 
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Ixodes cookei Pack. 
This tick has a rather wide distribution in the United States. We 
have specimens from Clayton and Blackhawk Counties. The Accession 
Catalogue of the Division of Insects Affecting Man and Animals lists a 
collection from Clarke County. 
Hosts include a large number of the smaller mammals. The wood-
chuck is a very common host in the United States and British Columbia. 
Ixodes sculptus Neumann 
The distribution of this tick is not so well known as the above species, 
but apparently it is a rather widely scattered species. The life history 
was worked out by Hixon (1932). 
We have specimens from Tama and Story Counties in Iowa. It also 
occurs in Shelby, Clarke, and Cerro Gordo Counties, according to the 
records of the Division of Insects Affecting Man and Animals. 
The smaller animals, especially the ground squirrel group, serve as 
principal hosts. All stages (except the male) may be found on the same 
animal. The thirteen-striped ground squirrel was found heavily infested 
several times during the summer on the Tama Indian Reservation. 
Ixodes kingi Bishopp 
The rotund tick is likely an uncommon species here. We know of 
only two records and these are contained in the files of the Bureau of 
Entomology. One specimen was taken in Cerro Gordo County and another 
in Plymouth County. This tick has a western range and is common in 
the Rocky Mountains. It has been found attached to a variety of animals. 
Ixodes texanus Banks 
This tick is apparently represented in Iowa by a single collection 
made by the authors. A female was removed from a dog on May 1, 1941, 
at Tama, Tama County, Iowa. 
According to Hearle (1938), it is common in certain areas of British 
Columbia. It is mainly a parasite of rodents. 
Rhipicephalus sanguineus Latreille 
The brown dog tick is one of the most widespread species of ticks. 
It was formerly known only from Texas and Florida, but has now been 
collected in some twenty-five scattered states. It is represented in Iowa 
by a single collection. A few larval specimens were sent to the Depart-
ment of Zoology and Entomology, Iowa State College, in August, 1940, 
by W. A. Hauber, St. Ambrose College, Davenport. The dog is the prin-
cipal host and acts as the chief agent in its dissemination. 
Haemaphysalis leporis-palustris Pack 
The rabbit tick is one of the commonest and most widespread species 
in North America and no doubt occurs throughout the entire United 
States. We have specimens from Boone, Story, and Tama Counties. 
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Rabbits and hares are the main hosts for the adult stage. A number 
of smaller animals and a long list of birds serve as hosts for the immature 
forms. 
Amblyomma americanus Linnaeus 
The lone star tick has a natural range in the southeastern United 
States, but has been collected as far north as Labrador and as far south 
as Brazil. It is apparently established in Iowa, but is not common. The 
tick was collected several times during the past summer on the Indian 
Reservation; it has also been taken in Clarke County. 
It attacks a large number of animals, and all stages are known to 
attack man. Experimentally it has been shown to transmit spotted fever 
and tularemia. 
Amblyomma ovale Koch 
According to Nuttall and Robinson (1926), this tick occurs in Central 
and South America, from Mexico to the Argentine Republic. A single 
male was removed from a dog in September, 1941, on the Indian Reser-
vation, Tama County. This same dog had been examined only four days 
previously and, apparently, had not been off the Reservation during the 
entire summer. The Indians held their annual Pow-wow during August, 
and several persons attended the celebration from some of the more 
southern states. This is not, however, offered as an explanation for its 
presence on the Reservation. We were unable to obtain any definite or 
positive information relative to its occurrence in Iowa. The specimen 
was kept alive for several days in the laboratory. 
Dermacentor variabilis Say. 
The American dog tick is distributed throughout the eastern half of 
the United States and on the Pacific coast. It is probably present over 
most of the state. Specimens have been collected by the authors in 
Clarke, Story, and Tama Counties. The southern part of the state is well 
represented by this tick, according to the records of the Iowa State Board 
of Health. 
The dog serves as the principal host for the adult stage. The tick is 
known to attack a large number of animals, including man. Mice and rats 
appear to be the most important hosts for the immature forms. The 
cottontail rabbit may also be an important host, especially during the 
spring period, D. variabilis is a known vector of spotted fever, tularemia, 
and anaplasmosis. 
SUMMARY 
The family Argasidae is represented in Iowa by Argas persicus, 
Otobius megnini, and Ornithodoros kelleyi. The latter species may have 
a natural range in this state, but the first two do not commonly occur this 
far north. So far as is known, they do not attack man in this country. 
The family Ixodidae is represented by five genera and eleven species; 
the genus Ixodes by angustus, scapularis, cookei, sculptus, kingi, and tex-
I 
I 
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anus; Rhipicephalus by S(Lnguineus; Haemaphysalis by leporis-palustris; 
Amblyomma by americanum and ovale; and Dermacentor by variabilis. 
Six species, Dermacentor variabilis, Ixodes sculptus, I. texanus, Haema-
physalis leporis-palustris, Amblyomma americanum, and A. ovale, were 
collected on the Tama Indian Reservation. 
Dermacentor variabilis and Amblyomma americanum are the only 
two ticks now known to occur in Iowa that are considered important para-
sites of man. The people are concerned largely with the former species, 
since A. americanum is not common in the state. Probably more than 99 
per cent of the tick bites on humans can be attributed to D. variabilis. 
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Acanthomyops, see Lasius 
Acetobacter, gluconic acid production by, 
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Acetobacter suboxydans, action of, upon 
i-inositol, properties of compounds 
produced by, 120 
Acetobacter suboo:ydans fermentation 
products, several, polarographic 
method in the investigation of, 52 
Acid, gluconic, production by Acetobacter 
in the absence of a neutralizing agent, 
451 
Acid hydrolyzate of oat hulls, production 
of chemicals by the fermentation of, 
122 
Acid, pantothenic, effect of Eimeria nie-
schulzi growth-promoting potency of 
feeding stuffs, 443 
Acids and carbon dioxide, effect of, on 
survival of micro-organisms, 132 
Acids, mineral, as saccharifying agents for 
production of fermentable sugars 
from starch, 55 
Activated carbon from certain agricul-
tural wastes, 227 
Aedes, 217 
aurifer, 219 
campestris, 218 
canadensis, 218 
cinereus, 221 
dorsalis, 218 
fitchi, 217 
flavescens, 218 
impiger, 219 
nigromaculis, 217 
riparius, 218 
spenceri, 219 
sticticus, 220 
stimulans, 218 
triseriatus, 220 
trivittatus, 219 
vexans, 220 
Agricultural wastes, activated carbon 
from, 227 
Alcohols, stereoisomeric, the number of, 
161 
Alkaline washing compounds, germicidal 
properties of, 519 
Aluminum-chloride method for quanti-
tative estimation of wool, 391 
Amblyomma 
americanus, 542 
ovale, 542 
American coot, parasites of, in central 
Iowa, 437 
American veratrwn, a chemical investiga-
tion of, 130 
Amylase, mold, as a saccharifying agent 
for production of fermentable sugars 
from starch, 55 
Amylase, soybean, concentration, char-
acterization, and properties of, 108 
Anhyssus tricostatus, 361 
Anopheles, 212 
maculipennis, 212 
punctipennis, 212 
quadrimaculatus, 213 
walkeri, 214 
Ants, new, from Minnesota, Iowa, and 
Wisconsin, 399 
Approximations of functions by the use 
of functionals, errors in, 41 
Archimedean screw, modified, chemical 
engineering applications of, 19 
Argas persicus, 539 
Artichokes, levulose from, 291 
Bacteria, fluorescent, in dairy products, 
363 
Bacterial action, distribution of salt in 
butter and its effect on, 75 
Basal metabolism, factors contributing to 
variability in, 158 
Bionomics and morphology of the black 
onion fly, Tritoxa flexa (Wied.) (Dip-
tera, Ortalidae), 96 
Black onion fly, bionomics and morphol-
ogy of, 96 
Blattella germanica L., circulation of 
hemolymph in the wings of, 349 
Blood of pregnant rats fed a diet con-
taining dried autoclaved pork mus-
cle, concentration of sugar in, 69 
Blue cheese, relationship of the lipolytic 
and proteolytic activities of various 
penicillia to the ripening of, 77 
[547] 
548 SUBJECT INDEX 
Butterfat, effect of soybeans and soybean 
oil on production and quality of, 148 
Calcium chloride, effects of, on motility 
of the isolated crop of Periplaneta 
americana, 57 
Carbon, activated, from certain agricul-
tural wastes, 227 
Carbon dioxide and acids, effect of, on 
survival of micro-organisms, 132 
Cassava, fermentative utilization of, 15 
Catalysts, copper oxide, in the hydro-
genation of furfural, some metallic 
oxides as promoters for, 134 
Chaetomium funicola Cke., dissimilation 
of glucose by, 337 
Cheese, blue, relationship of the lipolytic 
and proteolytic activities of various 
penicillia to the ripening of, 77 
Chemical engineering applications of a 
modified archimedean screw, 19 
Chemical investigation of American vera-
trum, 130 
Chemicals in several fermentations, effect 
of controlled pH upon the production 
of, 63 
Chemicals, production of, by the fermen-
tation of the acid hydrolyzate of oat 
hulls, 122 
Chicory, levulose from, 291 
Chilean Rhopalidae in the Edwyn C. 
Reed collection, 357 
Chinese Miridae, a list, with keys to sub-
families, tribes, genera, and species, 
241 
x' correction for continuity, 421 
Chloral in the gaseous phase, condensa-
tion of mercaptans with, 99 
Circulation of hemolymph in the wings 
of the cockroach, Blattella germanica 
L., 349 
Cockroach, circulation of hemolymph in 
the wings of, 349 
Colloides n. gen., 476 
anoxydana n. sp. 476 
Concentration, characterization, and prop-
erties of soybean amylase, 108 
Concentration of sugar in blood of preg-
nant rats fed a diet containing dried 
autoclaved pork muscle, 69 
Condensation of mercaptans with chloral 
in the gaseous phase, 99 
Conjunctivitis, new species of Neisseria 
from, 471 
Consolidation of elastic earth layers, 319 
Continuity, the x• correction for, 421 
Continuous space frames, analysis of, by 
three-dimensional moment-distribu-
tion and slope-deflection methods, 88 
Coot, American, parasites of, in central 
Iowa, 437 · 
Copper oxide catalysts in the hydrogena-
tion of furfural, some metallic oxides 
as promoters for, 134 
Corn, sweet, origin of, 481 
Correction, x•, for continuity, 421 
Correlation, serial, in the analysis of time 
series, 3 
Cotton flea hopper, host relation of, 66 
Cotton prematurely killed by cotton root 
rot, effect of insect control on the 
yield and quality of, 82 
Cotton root rot, effect of insect control 
on the yield and quality of cotton 
prematurely killed by, 82 
Cottontail, Eimeria neoleporis occurring 
naturally in, transmissible to the tame 
rabbit, 409 
Culex, 221 
apicalis, 221 
erraticus, 224 
pipiens, 224 
restuans, 223 
salinarius, 223 
tarsalis, 222 
Dahlias, levulose from, 291 
Dairy cattle, physiologic and economic 
efficiency of rations containing differ-
ent amounts of grain when fed to, 10 
Dairy products 
action of mold inhibitors on, 152 
fluorescent bacteria in, 363 
Dermacentor variabilis, 542 
Dielectric constant of gases at ultra-high 
frequencies, 128 
Dietary modifications, effects of, on the 
tapeworm Hymenolepis diminu.ta, 60 
Diet containing dried autoclaved pork 
muscle, concentration of sugar in 
blood of pregnant rats fed a, 69 
Differential equations, linear, solution of, 
by the use of functionals, 140 
Dinitrophenols, internal effects of, on in-
sects, 146 
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Dissimilation of Glucose by Chaetomiu,m 
funicola Cke., 337 
Divalent organolead radicles, 8 
Dropping analysis, seasonal food prefer-
ence trends of eastern ruffed grouse 
by, 331 
Earth layers, elastic, consolidation of, 319 
Eastern ruffed grouse in Iowa, seasonal 
--food preference trends, 331 
Ecology and management of the mourn-
ing dove, Zenaidura macroura 
(Linn.), in southwest Iowa, 93 
Ecology and management of the Redhead, 
' Nyroca americana (Eyton), in Iowa, 
90 
Economic efficiency of rations containing 
different amounts of grain when fed 
to dairy cattle, 10 
Eimeria neoleporis n. sp., occurring nat-
urally in the cottontail and trans-
missible to the tame rabbit, 409 
Eimeria nieschulzi, growth-promoting 
potency of feeding stuffs, nature of, 
443 
Elastic earth layers, consolidation of, 319 
Electron-sharing ability of radicals and 
the ionizing power of non-aqueous 
solvents, relationship between, 103 
Energy, radiant, in plants, absorption of, 
44 
Engineering, chemical, applications of a 
modified archimedean screw, 19 
Equations, linear differential, solution of, 
by the use of functionals, 140 
Feeding stuffs, nature of Eimeria nie-
schulzi growth-promoting potency of, 
443 
Fermentable sugars from starch, mineral 
acids and mold amylase as sacchari-
fying agents for production of, 55 
Fermentation of the acid hydrolyzate of 
oat hulls, production of chemicals by, 
122 
Fermentation products, several Aceto-
bacter suboxydans, polarographic 
method in the investigation of, 52 
Fermentations, several, effect of con-
trolled pH upon the production of 
chemicals in, 63 
Fermentative utilization of cassava, 15 
Fetal livers of rats fed a diet containing 
dried autoclaved pork muscle, glyco-
gen in, 46 
Fixed nitrogen content of power plant 
flue gases, determination of, 207 
Flea hopper, cotton, host relation of, 66 
Fluorescence associated with proteins, 125 
Fluorescent bacteria in dairy products, 
363 
Fly, black, onion, bionomics and mor-
phology of, 96 
Food preference trends of eastern ruffed 
grouse in Iowa, seasonal, 331 
Formica 
fossaceps, n. sp. 
reflexa, n. sp. 
Fox squirrel, western, inventory methods, 
299 
Fractionation of starch, 37 
Frames, continuous space, analysis of, by 
three-dimensional moment distribu-
tion and slope-deflection methods, 88 
Frequencies, ultra-high, dielectric con-
stant of gases at, 128 
Fulica americana, parasites of, in central 
Iowa, 437 
Functionals, approximate solution of lin-
ear differential equations by the use 
of, 140 
Functionals, errors in the approximations 
of functions by the use of, 41 
Functions, errors in the approximations 
of, by the use of functionals, 41 
Fungi in modern genetical analysis, the 
use of, 271 
Fungi, soil-inhabiting, attacking the roots 
of maize, 72 
Furfural, some metallic oxides as pro-
moters for copper oxide catalysts in 
the hydrogenation of, 134 
Gases at ultra-high frequencies, dielec-
tric constant of, 128 
Gases, power plant flue, determination of 
total fixed nitrogen content of, 207 
Generalized operator, properties of, 173 
Genetical analysis, modern, the use of 
fungi in, 271 
Germicidal properties of sodium hydrox-
ide and alkaline washing compounds, 
evaluation of, 519 
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Gluconic acid production by Acetobacter 
in the absence of a neutralizing agent, 
451 
Glucose, dissimilation of, by Chaetomium 
funicola Cke., 337 
Glycogen in maternal and fetal livers of 
rats fed a diet containing dried auto-
claved pork muscle, 46 
Grain when fed to dairy cattle, physio-
logic and economic efficiency of ra-
tions containing different amounts 
of, 10 
Grouse, eastern ruffed, seasonal food 
preference trends in Iowa, 331 
Growth-promoting potency of feeding 
stuffs, Eimeria. nieschulzi, nature of, 
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